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Abstract
The development of accurate carbon budgets, as well as global climate models 
with predictive capabilities, requires an understanding of the delivery and fate of 
terrigenous carbon in the environment. Understanding the extent to which estuarine and 
continental shelf processes alter carbon transfer between marine and terrestrial systems, 
including estimates of organic matter accumulation in coastal sediments, is poorly 
known. Organic carbon and nutrients exported to the adjacent Gulf of Mexico by the 
Mississippi River are influenced by biological and physical processes including 
remineralization, hydrodynamic sorting, seabed mixing and bioturbation, and burial. 
These complex processes make it difficult to know the fate of this organic matter (OM). 
The objective for this study was to examine the sources and fate o f OM along its 
dispersal pathway from the Mississippi River mouth to the adjacent shelf and canyon.
Changes in OM composition (C/N, 513C, and lipid biomarker compounds) in 
surface sediment (0-1 cm) were examined along two transects. Using Factor Analysis, 
biomarkers representing allochthonous (plant) and autochthonous (algal) sources 
distinguished regional differences between the sites. The river, South West Pass (SW 
Pass), and marsh sites had greater contributions from higher plant sources. However, 
sources of OM delivered to these regions differed as evidenced by 513C stable isotope 
signatures and C/N ratios. The river sites received inputs from soil organic matter and C3 
terrestrial plants while the marsh region received inputs from marsh macrophytes.
Despite offshore decreases in biomarkers representing terrigenous sources, signatures of 
terrigenous OM were present in surface sediments of the distal sites along each transect. 
The shelf sites had the greatest input of algal material, with biomarkers for diatoms 
dominating.
Down-core analysis of sediment cores collected from three sites (SW Pass, 50 m 
Proximal, and canyon) further supported the surface sediment results. Plant / terrigenous 
materials were a major source of OM at the SW Pass site. The box cores from the 50 m 
Proximal and canyon sites received inputs from both autochthonous and allochthonous 
sources, with proportionately greater contributions from autochthonous OM. The down- 
core profiles were influenced by diagenesis as indicated by differences in the ratio of 
terrestrial to aquatic fatty acids resulting from preferential losses of short-chained fatty 
acids.
This study provides information about sources of OM within the Mississippi 
River / Gulf of Mexico, and builds upon previous studies in this region. Results from this 
study illustrate that complex processes influence the fate of terrestrial OM.
Hydrodynamic sorting which delivers fine-grained organic rich material further offshore 
and dilution of terrigenous material by productive shelf sites affect distribution and fate 
of terrigenous OM. This study also provides baseline information about carbon sources, 
important for understanding the influence o f recent events such as Hurricanes Katrina and 
Rita, and further management / restoration efforts.
SOURCES OF SEDIMENTARY ORGANIC MATTER IN THE MISSISSIPPI 
RIVER AND ADJACENT GULF OF MEXICO
Introduction
Rivers are important vectors for the delivery o f terrigenous organic carbon 
( O C t e r r )  to the coastal zone thereby connecting the terrestrial carbon cycle to the 
marine carbon cycle. The delivery o f carbon from rivers to the oceans is estimated at 
900 Tg total carbon annually, o f which 500 Tg is organic carbon (McKee, 2003 and 
references therein). Rivers enrich coastal waters by transporting carbon and nutrients 
from terrestrial systems to estuarine and marine environments. Riverine delivery o f 
organic matter (OM) and nutrients has potential implications for the global carbon 
cycle because remineralization and the burial of carbon in coastal sediments influence 
the ocean’s ability to sequester atmospheric carbon dioxide. Changes to the global 
carbon cycle have captured the attention o f politicians, the general public, and 
researchers because o f possible climate changes due to increased emissions of 
greenhouse gases. Yet, our understanding of carbon delivery from land to the coastal 
ocean and the burial of carbon in coastal sediments are two important processes for 
which there is still considerable uncertainty (Baes et al., 1985; Sarmiento and 
Sundquist, 1992; Hedges et al., 1997).
Understanding the fate o f OM to the coastal zone is challenging due to 
variable inputs from the adjacent continents, remobilization processes, and the 
various factors controlling OM preservation (Wakeham and Canuel, 2005). Within 
this zone, OM of different sources and diagenetic histories mix, including primary 
phytoplankton production and terrigenous organic matter (Cauwet, 2002). The type 
o f organic material, heterotrophic processes, and the physical pathways by which 
these materials are distributed, control the fate of this material (Hedges et al., 1997).
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OM occurs in the form of particulate (> 0.2-1 pm) and dissolved fractions (< 0.2 pm). 
Terrestrial particulate organic matter (POM) includes pollen, plant debris, and 
refractory materials such as charcoal, while marine POM includes fresh and detrital 
phytoplankton and contributions from heterotrophic processes such as sloppy feeding 
and defecation by zooplankton and bacterial biomass (Hedges et al., 1997). The 
major source o f terrestrial DOM is vascular plant exudates (Hedges et al., 1997). 
Marine DOM can include solubilization of particles, autolysis of cells, and DOM 
from sloppy feeding and excretion by zooplankton. The fate of POM and DOM in 
the coastal zone is influenced by biotic and abiotic processes including 
remineralization, photochemical degradation, sorption-desorption and burial (Hedges 
and Keil, 1999).
In the United States, the Mississippi River (MI) is the largest river with a 
drainage basin area of 3.27 x 106km2 (Milliman, 1991; Milliman and Meade, 1983). 
Compared with other major world river systems, the Mississippi River is ranked third 
in terms of the size o f its drainage basin area (Figure 1), seventh in sediment 
discharge (210 x 106 1 y r'1), and seventh in water discharge (530 x 109 m3 y r'1) 
(Milliman and Meade, 1991; Meade, 1996; McKee, 2003). Due to this high 
discharge, the adjacent coastal zone is influenced by OM, nutrients and sediment 
delivered by the Mississippi (Hedges and Parker, 1976; Eadie et al., 1994; Trefry et 
al., 1994).
Understanding how the Mississippi River system operates at present and has 
changed over time can help explain natural and anthropogenic impacts on carbon 
delivery to the Gulf of Mexico (GOM). Globally, river systems and the coastal zone
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have been altered due to increases in anthropogenic influences within the last 300 
years (McKee, 2003). Population increases in coastal regions, increased sediment 
flux from deforestation and erosion, nutrient inputs from sewage plants and land 
runoff, and the creation of dams and levees have contributed to this change. The 
modem Lower Mississippi (below Cairo, IL, to the Gulf of Mexico) is mostly 
undammed but contains 2,700 km of levees lining the river, mostly built after the 
flood o f 1927 (Mac et al., 1998; Trotter et al., 1998). The sediment load o f the 
Mississippi has decreased in the last half-century due to sediment storage in 
reservoirs constructed in the 1950s and 60s and other human modifications (Mac et 
al., 1998). About one-fourth o f the suspended load of the MI is presently diverted to 
the Atchafalya River (Keown, 1986). Much o f this elaborate effort is aimed at flood 
protection. Understanding how sediment flux has changed, as well as how major 
events like floods influence organic matter delivery to the GOM system, will further 
enhance our knowledge of the region, specifically the transfer of organic material 
between river and ocean environments.
Background
Processes Controlling the Fate o f  Terrigenous Organic Matter
River runoff, primary productivity, and storm-driven sediment resuspension
influence organic matter burial in coastal marine sediments (Hedges et al., 1997).
These processes are further complicated by seasonal and annual/interannual
variations in hydrology, which influence the input, dispersion, and cycling of
sedimentary organic matter in coastal environments (Gordon and Goni, 2003). For
example, varying river discharge was seen to affect sediment deposition in the
5
Mississippi River (MI) system (Meade and Parker, 1985). When river discharge is 
low (< 14,000 m3 s’1) sediment is deposited on the riverbed in the lower 500 km of the 
river. In contrast, when river discharge is high (> 20,000 m3 s '1) this sediment is 
resuspended (Meade and Parker, 1985). Previous studies have estimated that less 
than half of the organic carbon in the coastal zone off the MI is buried in shelf 
sediments and < 40% of the organic carbon buried is o f terrestrial origin (Eadie et al., 
1994; Trefry et al., 1994). It is expected that sediment discharged by rivers onto 
broad shelves would remain trapped within the coastal zone and inner shelf 
(Milliman, 1991). However, two of the ten largest rivers, the Mississippi and the 
Ganges-Brahmaputra, appear to discharge a proportion of their sediment past the 
shelf break (Milliman, 1991). To understand patterns o f sediment distribution in 
these dynamic environments, one must first understand the physical and biological 
mechanisms involved.
Despite the major influx o f terrigenous organic carbon delivered from rivers 
to the coastal zone, there is relatively little terrigenous organic carbon preserved in 
marine sediments (Hedges et al., 1997; Hedges and Keil, 1995). A complete 
understanding of the mechanisms for this paradox between high river fluxes of 
terrigenous OC and the absence of this organic carbon in marine sediments remains 
one o f the puzzles o f the global carbon cycle (Hedges et al., 1997). Remineralization 
is one process that may explain the lack of riverine flux o f terrestrial organic matter to 
the global ocean reservoir (Benner and Opsahl, 2001; Opsahl and Benner, 1997). In 
muddy deltaic regions, the formation o f benthic fluidized bed reactors occurs at the 
continent-ocean boundary (Aller, 1998; Aller and Bair, 2004). These “mobile muds”
6
are dynamic reactors where reoxidation, mixing of fresh planktonic debris with 
refractory terrestrial components, and prolonged exposure to oxygen result in an 
efficient decomposition system independent from net sediment accumulation (Aller, 
1998; Aller and Blair, 2004). Photo-oxidation provides another removal mechanism 
for terrestrially derived DOM (Benner and Opsahl, 2001) and potentially for POM 
(Mayer et al., in press).
Bianchi et al. (2002) demonstrated that remineralization is not the only 
process influencing organic carbon once it is discharged by the river. On continental 
margins, hydrodynamic sorting may control the distribution of organic matter along 
the shelf and slope. Bianchi et al. (2002) and Goni et al. (1998) found that 
hydrodynamic sorting resulted from frequent resuspension of the seabed caused by 
varying river discharge. This resuspension o f sediment promotes remineralization of 
organic matter and transports finer materials further offshore. Fine sediment and less 
dense material is transported downstream or offshore, while coarser sediments/woody 
materials settle out in the lower river and inner shelf sediments. Similarly, studies off 
the Washington coast showed that terrigenous or lignin-containing fine sediment was 
deposited further offshore than lignin associated with larger fragments (Ertel and 
Hedges, 1985; Prahl, 1985). Even if material is not remineralized during transport, 
only a small proportion o f organic material is preserved once delivered to the 
sediment surface (Meyers, 1997). Productivity, oxygen exposure time, sediment 
accumulation rate and organic matter composition all influence organic carbon 
preservation (Hedges and Keil, 1995; Arzayus and Canuel, 2004; Wakeham and 
Canuel, 2005).
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Fine-grained materials have high surface area and small pore spaces that have 
been hypothesized to protect organic matter from microbial decay. This can allow for 
transport of OC to offshore regions due to the added protection from sequestration 
within pore spaces (Keil et al., 1994; Mayer, 1994; Bianchi et al., 2004). Bianchi et 
al. (1997) hypothesized that the benthic nepheloid layer provided a mechanism by 
which terrestrial POC and high molecular weight (HMW) DOC could be transported 
across the shelf and slope. This lateral transport of terrestrial OM could be an 
important mechanism for delivery to deep slope waters (Bianchi et al., 1997).
Organic Matter Sources
The fate of terrigenous organic material in the GOM has been debated. Early 
studies suggested that terrigenous organic carbon ( O C te r r )  was deposited on the inner 
continental shelf and little was transported to the outer shelf or slope (Hedges and 
Parker, 1976; Gearing et al., 1977). Hedges and Parker (1976) used lignin oxidation 
products and stable carbon isotopes to trace land-derived organic matter in surface 
sediments from the western Gulf of Mexico. Results from this study, indicated that 
the delivery o f terrestrial material decreased with increasing water depth and distance 
from shore. Offshore decreases in lignin were explained by local river input and the 
width o f the continental shelf. The wide continental shelf of the northwest Gulf was 
found to be an efficient trap for land-derived organic material (Hedges and Parker, 
1976). However, more recent investigations have shown that O C te r r  particularly those 
fractions associated with fine-grained fractions, are delivered to the outer continental 
shelf and slope (Goni et al., 1997, 1998; Prahl and Meuhlhausen, 1989).
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Goni et al. (1997, 1998) studied the composition of sediments from the Gulf 
o f Mexico’s northwest shelf to the abyssal plain using lignin oxidation products, 
stable isotopes and radiocarbon. The stable isotope and C/N data indicated no 
terrigenous signal within the shelf and abyssal plain sediments, which agreed with 
Hedges and Parker’s (1977) and Gearing et al.’s (1977) data. However, radiocarbon 
ages showed that the material was older than expected (> 2000  yrs), which did not 
agree with estimated phytodetritus accumulation rates (0 - 400 years), indicating that 
other sources o f OM were important. The lignin oxidation data provided evidence for 
re-worked lignin from C3 and C4 plant materials. Additional results indicated that 
non-woody C4 degraded material traveled greater distances than C3 due to its 
association with finer sediments. These observations led Goni et al. to conclude that 
degraded C4 plant material, most likely from grassland soils, was an important source 
o f OC to the Gulf o f Mexico (Goni et al. 1998). Work by Bianchi et al. (1997) also 
found non-woody angiosperms are the dominant form of vascular plant material 
transported to sediments in deeper regions of the GOM (Texas shelf).
Objectives and Hypotheses
Previous studies have examined sources o f organic matter within the Gulf of 
Mexico region; however, much o f this work has been limited to surface sediments on 
the shelf (Hedges and Parker, 1976; Trefry et al., 1994; Goni et al., 1997; 1998, 
Bianchi et al. 2002). Few studies have examined the transport of organic carbon 
across the coastal margin from the Mississippi River mouth to the shelf, slope and 
canyon environments of the Gulf o f Mexico. This study focused specifically on the 
sources of organic matter that contribute to the sediments of these less explored
9
regions. A second unique aspect o f this study is that lipids were used as the primary 
biomarker for determining organic matter sources. Previous studies have relied on 
lignin, a reliable biomarker for tracing vascular plant derived organic matter (Hedges 
and Parker, 1976; Goni et al., 1997, 1998; Bianchi et al., 2002). Lipid biomarkers 
provide the ability to distinguish between marine, bacteria and terrestrial sources 
(Volkman, 1986), providing a broader scope of source interpretation than lignin 
alone.
Objectives fo r  this study:
The overall goal of this study was to examine the fate o f terrigenous carbon delivered 
from the Mississippi River to the adjacent shelf and canyon.
The following hypotheses were tested as part of this study:
H I. Organic matter biomarkers present in surface sediments collected along 
the dispersal pathway will indicate a strong terrestrial signature in the mouth 
o f the river. With increasing distance from the river mouth, marine signatures 
will increase; however, evidence of re-worked terrestrial organic material is 
expected in shelf, slope and canyon sediments.
H2. Down-core sediment profiles will reflect temporal variations in organic 
matter delivery and seabed processes such as sediment accumulation and 
mixing.
10
• Accumulation rates are expected to decrease with distance from the 
river.
• Higher contributions o f “fresher” more labile organic material will be 
found at sites with greater accumulation. Thus, it is expected that the 
nearshore site will have a greater accumulation rate with “fresher” 
material while the offshore site will have little accumulation and 
“older” material.
H3. PAH and biomarker signatures examined in flood layers from the 50 m 
Proximal Kasten core will indicate that the accumulation of terrigenous 
material will be higher than during non-flood years. The anthropogenic 
signature (PAHs) in the sediment will be greater during the flood period.
Specific objectives were as follows:
Objective 1. Examine the surface sediment (0-1 cm) composition along the 
dispersal pathways o f the Mississippi River using biomarkers, stable isotopes 
and elemental data to determine how OM sources vary from the estuaries and 
river, across the continental margin to the slope and canyon.
Objective 2. Analyze down-core profiles of organic biomarkers (at three sites) 
to examine temporal changes in OM composition. The down-core profiles 
will be interpreted based on sediment accumulation rates and mixing (7Be and 
210Pb provided by Drs. Brent McKee and Mead Allison).
11
Objective 3. Examine the influence o f flood events in the delivery o f OC 
using biomarkers and polycyclic aromatic hydrocarbons (PAHs).
Approach
Lipid Biomarker Composition
Lipids are one of the major biochemical classes present in all organisms. This 
class o f biochemicals is defined operationally by its solubility in organic solvent. 
Following death or senescence of the source organism, lipids associated with POM 
may be delivered to, and preserved in, sedimentary sinks (Prahl and Meuhlhausen, 
1989). These compounds provide proxies for sources of OM and have proven useful 
in delineating between terrestrial and marine sources (Table 1). This study utilized 
three classes o f lipid biomarker compounds: alcohols, sterols and fatty acids. Some 
lipids are less susceptible to alteration than other forms of OM (Meyers, 1997). Their 
reactivity ranges from short-time scales (weeks to months) (Canuel et al., 1996) to 
compounds preserved in ancient sediment and petroleum (Freeman et al., 1990). By 
choosing the correct compound class with respect to reactivity and source 
identification, changes in the sources o f OM delivered over time can be examined 
(Zimmerman and Canuel, 2000; 2002).
Flood Investigations
Widespread heavy rain and storm events can significantly impact the 
Mississippi River basin area and cause flooding thereby providing an important role
12
in the delivery of sediment and associated organic matter. The most memorable 
floods occurred in 1927, 1973, 1983 and 1993 (Trotter et al., 1998). An investigation 
into the evidence of floods using PAHs as a means for source identification was 
performed in sediment of the Oder River estuary in Germany (Witt and Siegel, 2000). 
Witt and Siegel (2000) found elevated levels of specific PAHs during flood events. 
PAHs are produced via anthropogenic processes including the combustion o f fossil 
fuels for transportation and electricity, releases from boat and ship traffic, and slash 
and bum agriculture (Neff et al., 1979 as cited in Dickhut et al. 2000). Additionally, 
PAHs occur via natural petroleum seeps in the Gulf of Mexico (Mitra and Bianchi, 
2003). PAHs can accumulate in sediment and in the absence of oxygen are resistant 
to degradation over time. Relatively few studies of PAHs within the Mississippi 
River / GOM region have been performed. Mitra and Bianchi (2003) examined water 
samples from several stations on the Mississippi River and one site in the Gulf. They 
found that atmospheric and fluvial sources o f PAHs into the Gulf of Mexico were 
relatively low to negligible and coastal erosion contributed the majority of PAHs. 
However, this conclusion was based on one water sample taken from the GOM and 
does not likely represent all sites or all hydrological conditions. Water samples may 
not be a good indicator o f PAH inputs as most PAHs are sequestered in sediment. 
Santschi et al. (2001) and Presley et al. (1998) examined the historical contamination 
o f total PAHs in one sediment core within the Mississippi Delta. Both reports 
indicated that total PAHs increased in concentrations beginning in the early 1940s 
and peaked in the 1970s. They found that petroleum and combustion sources 
contributed to the distribution o f PAH compounds.
13
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Materials and Methods
Sample Collection:
Sediment cores were collected along two transects (Figure 2) during a period 
o f low wave energy/storm activity and falling discharge (14-21 July 2003). Transect 
A began inside the mouth o f the Mississippi River and proceeded seaward across the 
continental shelf to the canyon (540 m). Transect B began in the Mississippi River 
and tracked the 50-m isobath westward, providing samples within and outside o f the 
sediment dispersal region of the Mississippi River. In addition, sites in Barataria Bay 
were sampled to represent estuarine sources. At each station, box cores (-50  cm) 
were collected and subcored. Subcores were sectioned and homogenized. Aliquots 
for lipid, elemental and isotope analyses were removed and frozen at -80°C  until 
further analysis. In addition, a Kasten core (-280 cm) was collected from the 50 m 
Proximal site (50-m P). Kasten core sediments were sectioned by 2 cm intervals 
every 10 cm (e.g.: 0 -2 , 10- 12, 20-22  cm); these were freeze dried and stored for 
further processing.
In September 2004, three additional surface samples were collected at the 540 
m canyon site (H8 , H9, H10), as well as from three marsh sites (marsh, inner marsh, 
and marsh mud). The 0-1 cm interval was collected and freeze dried. All subsequent 
analyses including lipid, elemental and isotopic utilized the freeze dried sediment. 
Site H9 was the same location as the 540 m canyon site sampled in July 2003. The 
elemental, isotopic and lipid results for the three additional canyon sites were 
averaged with the resulting sample called September canyon average. The marsh 
sites included one interior bay sample at Fisherman’s Bay (inner marsh), an open bay 
sample of the marsh surface (marsh) in Tambour Bay and a mud sample 200 m
15
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offshore o f Tambour Bay (marsh mud).
Environmental Conditions
During the cruise, environmental conditions (water depth, salinity, oxygen 
content and fluorescence (chlrophyll a) were collected from each site using a CTD 
(conductivity - temperature - depth) sensor. Data were further processed using 
Seabird Software (SEASOFT - WIN32). Mississippi River discharge data came from 
the Army Corps of Engineers web-site for the Tarbert Landing Gauge Station 
( http://www.mvn.usace.armv.mil/eng/edhd/Wcontrol/discharge.htm).
Bulk Chemical Analysis
A sub-sample o f wet sediment was dried at 65 °C for several days prior to 
grinding the sediment for elemental and isotopic analyses. Duplicate analyses were 
performed for both elemental (total organic carbon and total nitrogen) and isotopic 
measurements ( 5 13C t o c , 515N) following the methods of Hedges and Stem (1984). 
Dry sediment was weighed (~ 20 -  40 mg) into pre-combusted (4 h @ 450 °C) silver 
capsules and acidified using 10 % high-purity hydrochloric acid to remove inorganic 
carbon. After drying, the samples were flash-heated to 1040 °C by combustion.
Total organic carbon (TOC) and total nitrogen (TN) were measured using a Fisons 
CHN analyzer (Model EA 1108).
Stable isotope analyses were performed with an isotope ratio mass 
spectrometer (Europa Scientific Integra). Bulk sediment samples were dried and 
acidified with hydrochloric acid at VIMS and analyzed for S13C and 815N at the
17
University o f Califomia-Davis Stable Isotope Facility. Stable isotope values were 
expressed relative to routine standards, PeeDee Belemnite for 513C and atmospheric 
Nitrogen 515N.
Sediment surface area (SSA) for the 0-1 cm interval as well as select samples 
from down-core samples were analyzed. An aliquot of sediment was freeze dried and 
then heated at 350 °C for 12 hours to remove organic matter (Amarson and Keil, 
2001). The sample was then degassed for >2 hours on the Micromeritics Flow Prep 
060 sample degas station at 250 °C to remove water (Amarson and Keil, 2001). 
Samples were measured by nitrogen adsorption using a 5-point BET method with the 
Micromeritics Gemini V Surface area analyzer. Organic carbon was normalized to 
sediment surface area o f the sample (TOC/SSA (mg m'2)).
Lipid Biomarker Compounds
Sediment was extracted using the Bligh and Dyer (1959) method modified for 
Accelerated Solvent Extraction. Specifically, frozen sediment was thawed, 
homogenized and dried with hydromatrix prior to extraction. Surrogate standards 
containing methyl nonadecanoate (C19), nonadecanol, a wax ester (myristyl 
arachidate) that yielded a C 14 alcohol and a C20 FAME following saponification, and 
androstanol were added to each sample prior to extraction. Samples were extracted in 
a 2:1 solution of dichloromethane‘.methanol (DCM / MeOH) using an accelerated 
solvent extraction system (Dionex 200). Extracts were partitioned into two phases 
and the lower organic phase collected. Samples were back extracted into hexane and 
the combined organic phase sat over anhydrous Na2SC>4 overnight to reduce traces of
18
H2O. The samples were concentrated to 1 ml using turbo-evaporation (Zymark Turbo 
Vap 500), and the total lipid extract (TLE) weight was determined gravimetrically 
using aliquots representing -10%  of the TLE. A portion of the extract was saponified 
using IN KOH in aqueous methanol (110°C for 2 hours). Neutral and acidic lipids 
were extracted into hexane from the saponified sample following Canuel and Martens 
(1993). Fatty acids were converted to methyl esters using BF3-MeOH. Both fatty 
acids and neutral lipids were separated from other lipid classes by silica gel 
chromatography. Sterols were derivatized to trimethylsilyl (TMS) ethers using 
BSTFA and acetonitrile and heating at 70°C for 30 minutes. Fatty acids (as methyl 
esters) and alcohols/sterols (as TMS ethers) were analyzed using gas chromatography 
(GC) (Hewlett Packard 5890 Series II Plus) with flame ionization detection using a 
30 m x 0.32 mm DB5 column (J&W Scientific). Peak areas were quantified relative 
to internal standards; C21 FAME was used for fatty acids and 5a(H)-cholestane for 
alcohols/sterols. GC/ Mass Spectrometry (MS) (Hewlett Packard 6890) was used to 
verify the identification o f individual compounds using the same conditions as for GC 
analysis.
Replicate analyses o f four samples (SW Pass, 50 m Proximal (50-m P), 50 m 
Mid (50-m M), and 540 canyon) were performed to examine analytical 
reproducibility. Duplicate sediment aliquots from the same jar were removed for 
these extractions.
PAHs
19
Sediment from the 50-m P Kasten core was extracted using the method 
described above. The lipid surrogate standard (see above) and PAH surrogate 
standard mixture (dio-anthracene, di2-benz[a]anthracene, di2-benz[a]pyrene and dn- 
benz[ghi]perylene) were added prior to extraction. The extracts were treated similar 
to the biomarker method, however, PAH samples were not evaporated to dryness. 
When saponifying, the sample was dried to 0.5 ml in hexane prior to adding KOH. A 
gentle stream of nitrogen was used to evaporate the remaining hexane, leaving the 
PAHs within KOH/CH3OH. PAHs were collected in F 1/2 using the silica gel 
chromatography (10 ml hexane, 5 ml 25% toluene in hexane) while the 
alcohols/sterols were collected in F5/6 (5 ml 15% ethyl acetate in hexane, 5 ml of 
25% ethyl acetate in hexane). After concentrating with high purity nitrogen gas, an 
internal standard containing deuterated PAHs was added. The PAHs were quantified 
using a GC-MS (Hewlett Packard 6890) operated in selective ion monitoring (SIM) 
mode on a DB-XLB column (30 m x 0.25 mm) (Arzayus et al., 2001).
Data Analysis
Biomarker and PAH data were analyzed using MiniTab (MiniTab Inc.: release 
13.1, 2000) software. Factor analysis (FA), an exploratory multivariate method, was 
used to identify the dominant factors controlling variance in the data set (Canuel,
2001 and references therein). The factor analysis matrix consisted of 15 variables (8 
fatty acid and 7 sterol compounds) and 16 observations (the sites). Fatty acid and 
sterol data normalized to TOC were used for the analysis. Properties driving the 
factors were interpreted using linear regression analysis.
20
Using bathymetry and the scores from the factor analysis, sites were grouped 
to explore regional differences in organic matter composition. The groupings were:
1) river -  Mississippi and SW Pass sites
2) marsh/estuary -  inner marsh, marsh, marsh mud and Barataria Bay 1 and 2
3) shelf -  Barataria 3, 50-m M, 50-m P, 50-m Distal (50-m D), and 80 m
4) slope -  95 m, 110 m, 540 m and September canyon samples
Bulk elemental, isotopic, and lipid biomarker data were examined for normality and 
equal variance between regions. When the data failed to meet these assumptions, as 
in TOC and TN data, non-parametric tests such as the Kruskall-Wallis test were used 
to test statistical differences between regions. When data fit a normal distribution, an 
analysis o f variance (ANOVA) was used to test regional differences in surface 
sediment. Regression analysis comparing relationships between lipid biomarker 
compounds were examined for significance. The data were deemed significant when 
p < 0.05.
The ratio o f lipid biomarker compounds representing terrestrial and aquatic 
organic matter was used to discern OM sources. A ratio close to one indicates equal 
contributions o f terrestrial and marine sources to bulk organic matter. The ratio of 
terrigenous to aquatic fatty acids (TARfa) is a measure of the sum o f short-chain 
even-numbered saturated fatty acids to long-chain even-numbered saturated fatty 
acids (Meyers, 1997). Sterol biomarker ratios representing allochthonous (higher 
plant) to autochthonous (algal/zooplankton) sources also were examined (Yunker et 
al., 1999).
(C 12 + Cl4 + Cl6)
T A R fa =
(U24 + C26 + C28 + U30)
21
Allochthonous/ Autochthonous =
(C29A5+C29A5-22)
C 28 A5,22 + C 28A5,24(28) + C30A22 + C 3oA° + C27A5
Where: 24-ethylcholest-5-en-3p-ol = C29A5, 24-ethylcholesta-5,22-dien-3p-ol = 
C29A5’22, 24-methylcholesta-5,22-dien-3p-ol = C28A5,22, 24-methylcholesta-5,24(28)- 
dien-3P-ol = C28A5,24(28), 4a,23,24-trimethylcholest-22-en-3p-ol = C30A22, 4a,23,24- 
trimethyl-5a(H)-cholestan-3P-ol = C30A0, cholest-5-en-3p-ol = C27A5.
22
Results
Discharge Conditions
The average daily water discharge rate for the Mississippi River during the 
sampling period (14 - 21 July 2003) was 11,009 m3 s' 1 (Tarbert Landing Gauge 
Station - 340 km upriver from New Orleans). This flow rate is within the range for 
summer, which is typically a low-discharge flow stage (below 14,000 m3 s '1) (Meade 
and Parker, 1985; Bianchi et ah, 2002). The average daily discharge rate for the past 
nine years (1995 to 2004) was 14,800 ± 7,560 m3 s' 1 (Tarbert Landing Gauge 
Station). During the past nine years, the highest flow was recorded in March 1997 
(41,900 m3 s '1), while the lowest flow rate occurred in the late summer of 1999 (4,400 
m3 s*1). The average water discharge rate for 2003 was 14,000 ± 6,200 m3 s '1. Just 
prior to the July 2003 cruise, tropical storm Claudette moved into the southern Gulf 
o f Mexico. The storm traveled northwestward reaching hurricane status prior to
t hlandfall at the Texas coast on July 15 .
Environmental Conditions
Water depth reflected the site assignments for shelf and slope samples. The 
depth for shelf sites ranged from ~30 -  85 m and slope sites were ~95 -  520 m deep. 
Surface salinity varied from fresh (river station: 0.19) to marine values (slope: 31 ± 
4.2, n = 3) (Table 2). Saline bottom water (35 ± 1.9, n = 9) existed at all sites except 
for the river station (0.19) and the Barataria sites (19 ± 2.1, n = 2). Oxygen content 
was above the level of hypoxia (2 mg I'1) at all sites ranging from 6.56 mg I' 1
23
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(Barataria 3) to 9.43 mg I' 1 (Canyon). Surface fluorescence varied from 0.04 mg m '3 
at the canyon site to 0.96 mg m ‘3 at Barataria 1.
Surface Sediment
Bulk Properties
Sediment total organic carbon (TOC) and total nitrogen (TN) ranged from 1.0 
to 7.2 % and 0.08 to 0.4 %, respectively. Overall, there was no significant difference 
in the % TOC and % TN between regions and the elemental composition was similar 
for the marsh mud, river, offshore shelf, slope and canyon sites (Figure 3). However, 
the inner marsh samples and Barataria 2 had higher TOC (4.8 ± 2.0%, n=3) and TN 
(0.35 ± 0.07%), while sediments collected from the offshore shelf, slope and canyon 
sites had lower levels of TOC and TN (Figure 3). The C/Na ratio for sediments from 
the marsh region (16 ± 3.0, n=5) was significantly higher (p < 0.001) than the other 
regions (10 ± 0.6, n=l 1) (Figure 3C). The inner marsh, marsh and marsh mud had the 
highest C/Na ratios (18 ±  2.3) while the other sites within the marsh region, Barataria 
Bay 1 and 2, had a C/Na ratio o f 13 ± 0.4.
The marsh region had significantly lower sediment surface area (SSA, m2g4) 
than sediments from the other regions (p < 0.001) (Figure 4A). Overall, the canyon 
site had the highest SSA. When organic carbon was normalized to SSA, the inner 
marsh and marsh samples had the highest OC/SSA levels (Figure 4B). While there 
were no significant differences between regions, there was a general trend of 
decreasing OC/SSA with increasing distance offshore.
25
Figure 3. Total organic carbon (A), total nitrogen (B), and C/N atomic 
ratios (C) for surface sediments. Error bars indicate the standard deviation for 
triplicate analyses o f surface sediment samples. Colors correspond to site 
locations provided in text (brown = river sites, green = marsh/estuary sites, cyan 
= shelf sites, and blue = slope sites).
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S13C values ranged from -25 to -18 per mil with the most depleted values at 
the River and SW Pass sites and the most enriched values at the inner marsh and 
marsh (Figure 5 A). The shelf and offshore sites had intermediate 813C signatures (-21 
to -22 %o). Overall, 815N values ranged from -0.3 to 14 per mil. The marsh samples 
were depleted (-0.3 to 2 %o), while the River sites were enriched (12 to 14 %o). 
ANOVA indicated significant differences in the isotopic composition o f the different 
regions (p = 0.028 for 8 13C; p = 0.001 for 815N). The Fisher comparison test 
following the ANOVA analysis indicated that the marsh 813C values differed 
significantly from the river and slope regions while the S15N values for the marsh 
differed significantly for the river, shelf, and slope regions.
Organic Matter Lipid Biomarker Distribution
Total fatty acid (FA) abundance ranged from 30 to 142 pg g '1 dry sediment or 
2.6 to 8.3 pg m g'1 TOC (Appendix C). FA composition was examined by 
normalizing the concentration o f individual FA to total FA concentration in surface 
sediments from each site. Overall, saturated fatty acids (57 ± 10%) were the most 
abundant class, with a dominance of short-chain over long-chain compounds (70 ± 
12% vs. 30 ± 12%). On average, monounsaturated fatty acids made up 27 ± 7%, 
while polyunsaturated and branched fatty acids made up 8 ± 3% and 8 ± 4%, 
respectively. The most abundant FA present in the samples was Ci6:o» followed by 
C i8:0 (River, SW Pass, and Sept. canyon) or Ci6:io7 (all other sites except the marsh 
samples). The second most abundant FA in the marsh samples (inner marsh, marsh, 
and marsh mud) was C24.o*
28
Figure 5. Stable isotopic composition (A. 513C, B. 6 15N) o f surface 
sediments. Error bars represent the range of values obtained for duplicate 
analyses.
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Total sterol concentrations ranged from 5.2 to 78.5 pg g' 1 dry sediment or 0.5 to 
2.8 pg mg ' 1 TOC (Appendix D). Total alcohol concentrations ranged from 1.3 to 8.5 
pg g' 1 dry weight or 0.04 to 0.55 pg mg ' 1 TOC. Sterol and alcohol composition was 
examined by calculating the percent abundance o f individual compounds. The most 
abundant alcohol at all sites was phytol, comprising 1 5 - 7 5  % of the total alcohols. 
The C29 sterols (24-ethylcholesta-5,22-dien-3p-ol and 24-ethylcholest-5-en-3p-ol) had 
the greatest abundance averaging 42 ± 11 % (Appendix D). 24-ethylcholest-5-en-3p- 
ol was the most abundant sterol in almost all samples except for two of the canyon 
sites where cholest-5-en-3p -ol (cholesterol) was most abundant. C27 and C28 sterols 
comprised 27 ± 7% and 24 ± 3% of the total sterols. Cholesterol was the second most 
abundant sterol at the shelf sites and SW Pass, while 24-ethyl-5a(H)-cholestan-3p-ol 
was the second most abundant sterol in the inner marsh and marsh samples.
Factor Analysis
Together, Factors 1 and 2 explained 66% of the variation in the data and 
Factor 3 explained an additional 13%. Variables with factor coefficients or loadings 
that were positive and greater than 0.8 for Factor 1 included C 14 FA, odd C 13.Cn FA, 
diatom and dinoflagellate sterols and cholest-5-en-3P-ol (27D5; cholesterol) (Figure 
6 , Appendix A). Compounds with negative Factor 1 loadings included stigmasterol 
(29D5) and long-chained even-numbered fatty acids (C24 -  C30). Though 24- 
ethylcholest-5-en-3P-ol (29D5) and 24-methylcholest-5-en-3p-ol (28D5; campesterol) 
and the long-chain alcohols, typical of a terrestrial source, had positive Factor 1 
loadings, these compounds plotted intermediate between the autochthonous vs.
30
allochthonous sources, suggesting a mixed source.
Factor 1, explaining 45% of the variance in the data set, appeared to separate 
the data based on the relative abundance o f autochthonous versus allochthonous 
sources of organic matter (Figure 6 ). Linear regression analysis was used to support 
this interpretation. The ratio o f terrestrial to aquatic fatty acids was negatively 
correlated (r2 = 0.60; p < 0.001) (Figure 7B) while the ratio of allochthonous to 
autochthonous sterols showed the same trend, the regression was not significant 
statistically (not shown). In addition, C/N ratio was negatively correlated to Factor 1 
(Figure 7A). PUFA compounds all had positive Factor 2 loadings, while longer 
chained fatty acids and all sterol compounds had negative Factor 2 loadings. Factor 2 
was positively correlated to % PUFAs (r2= 0.55; p = 0.001) (Figure 7C), indicating a 
relationship with the lability o f OM.
Score plots were used to examine relationships between the factors and each 
sample. The marsh samples had the most negative Factor 1 scores, while Barataria 3, 
50-m M, 50-m P, 80 m and the canyon cores collected in September had positive 
scores (Figure 8). Relative to the other Barataria samples, Barataria 3 was unique in 
its biomarker composition and was most similar to 50-m M, located on the shelf. The 
remaining sites plotted in an intermediate position, with negative scores on Factor 1.
Sites with negative Factor 2 scores included the marsh sites (marsh, inner 
marsh and marsh mud), 50-m P and M, and the canyon sites collected in September. 
All remaining sites had positive Factor 2 scores. Sites with higher % PUFAs, (e.g.; 
Bara 3 and 80 m) had positive Factor 2 scores while sites with lower % PUFAs (e.g.; 
canyon samples collected in September) had negative Factor 2 scores. Factor 3
31
Figure 6 . A. Plot o f variable loadings on Factor 2 vs Factor 1, the factors 
controlling most o f the variance in the biomarker composition o f surface sediments. 
B. Plot o f variable loadings for Factor 2 and 3. See text for interpretations o f factors.
32
Fa
ct
or
 3 
(1
1.2
 
%)
 
Fa
ct
or
 2
(2
1.
3%
)
0.6 22:6w3
20/PUFAs
18:2, 18:3
odd C13-C1' 
C140.4
0.2
Algal biomarkersPlant biomafkers0.0 C24-C30
- 0.2
15,17Br
29D5.22-0.4
!7D5
LC OH
- 0.6
29D5 28D5
- 0.8
0.20.0 0.4 0.6- 0.2-0.4 0.8 1
Factor 1 (45.1 %)
0.8 C24-C30
0.6
LC OH
0.4 C16
29D5.22
Dinoflagellate0.2
27D5
odd C13-C17Algal / bact< d a l0.0
Diatom Sterol: 
l W ^ / 3 0  PUFAs j
- 0.2 18:2, 18:3
-0 .4
28D5
29D5
- 0.6
0.0 0.2 0.4 0.6 1.0- 0.2 0.8-0.4
Factor 1 (45.1 %)
Figure 7. Linear regressions results exploring relationships between Factor 1 and 
C/N ratios (A), terrestrial to aquatic ratio for FA (B), correlations between Factor 2 
and % polyunsaturated FA (C), and correlations between Factor 3 and TOC (D).
33
XM-
CNIOiII
>N
0£ <
CD
LO LO O
CO es
"3
CN
oofcr
ViHVI
.5 r--co
3 °. II I! £
Oa
i2
oo inom
CO
"co
m
o
m
o
(
o\\ej n:q
( 0 0  6 lu/Bu) o o i / t
<u
•^-CMOCOIDtj-CNIO
svdfld %
Figure 8. A. Score plots for Factors 1 and 2. B. Score plots for Factors 1 and 3.
34
Fa
ct
or
 3 
(1
1.2
 
%)
 
Fa
ct
or
 2 
(2
1.3
 
%
)
1 -
Bara 1
Bara 2
110 m
SW  P a ^ o  m 
River Stn
50-m D
Bara 3
80 m
50-m M
marsh mud
-1 - marshinner marsh
-2 -
50-m P 
sept canyon ave
-1.5 -1.0 -0.5 0.0 0.5
Factor 1 (45.1 %)
1.0 1.5 2.0
2
B
marsh mud
sept canyon ave
1 - River Stn
110 m
Bara 1 
Bara 2
0 - 540 m. 95 m 80 m
-1 - inner marsh
SW  Pass
50-m D
50-m5P-m M
Bara 3
-2 marsh
-1.5 -1.0 -0.5 0.0 0.5 1.0
Factor 1 (45.1 %)
1.5 2.0
explained 11.2 % o f the data and was positively correlated with the inverse o f total 
organic carbon (r2 = 0.51; p = 0.002) (Figure 7D). Sites with high positive scores 
included marsh mud, river and canyon samples collected in September. Sites with 
negative scores for Factor 3 included inner marsh, marsh, and 50-m D.
Down Core results
Sediment Accumulation
7 210 •X-radiographs, porosity data, Be and Pb accumulation rates were measured 
by collaborators B. McKee and M. Allsion (Appendix B). These data were used in 
interpreting the down-core profiles but were not part of this thesis project. The 50-m 
P Kasten core extended to 280 cm, and sediment intervals were chosen to represent 
the years corresponding to floods. Based on preliminary results, sediment intervals 
between 100-102 and 200-202 cm were chosen to represent the 1983 and 1973 flood 
layers. Unfortunately, the later interval (200-202) was chosen prior to obtaining the 
corrected sediment dating. Using porosity corrected depth layers to estimate the 
years before present (Appendix B.3), the sediment intervals and corresponding years 
were adjusted for compaction. Instead of capturing the 1973 event as initially 
thought, the 200-202 cm sediment interval corresponded to the year 1959 (Table 3).
Elemental Composition and Bulk Properties
The TOC content for the SW Pass core (1.57 ± 0.31%) was significantly 
higher (p = 0.01) than the TOC content for the canyon core (1.29 ± 0.21%), but not 
different from the core collected from the 50-m P site (1.30 ± 0.23%) (Figure 9). The
35
average TN was significantly higher (p < 0.0001) in the 50-m P box core (0.21 ± 
0.03%) than the other cores. Sediment profiles o f %TOC and %TN from the SW 
Pass core vary at the same sediment intervals in which the porosity data varied (16 -  
25 cm) (Appendix B .l, Figure 9). Generally, the highest %TOC and %TN were 
found in the surface horizons and decreased with increasing depth. The C/N ratio did 
not vary significantly with depth for the canyon (11.09 ± 0.80) or Kasten (9.96 ± 
0.50) cores, while the 50-m P box C/N ratios (8.26 ± 0.82) increased with depth (p = 
0.002, r2 = 0.37). C/N ratios is the SW Pass core (11.93 ± 0.98) were similar in the 
surface and deep horizon, but increased where there were anomalies in the porosity 
data.
n
Similar to the surface sediments, 5 C was most depleted in the SW Pass core 
(-24.6 ± 0.54 %0) and most enriched at the canyon site (-21.5 ± 0.32 %o) (Figure 10). 
The box core collected from the 50-m P site was intermediate and averaged -22.6 ± 
0.43 %o. 813C became more enriched in the deeper horizons o f the SW Pass (>35 cm) 
and 50-m P (>18 cm) cores while 8 13C became more depleted in the deepest horizons 
o f the canyon core. The cores collected from the 50-m P and SW Pass sites were 
significantly (p = 0.004 and p = 0.01, respectively) more depleted in 8 15N (5.24 ±
2.67 and 6.32 ± 2.76 %o, respectively) than at the canyon site (10.25 ± 1.84 %o) 
(Figure 10). S15N was noticeably enriched in the surface 0-1 interval for both the SW 
Pass and 50-m P cores relative to the deeper horizons. The canyon core was also 
enriched in 8 15N in the surface layer but relative to the other cores, remained enriched 
throughout.
36
Sediment surface area (SSA) was analyzed as a proxy for grain-size changes. 
SSA was lower for the surface horizons compared to the deeper horizons collected 
from both the 50-m P (26.44 m2 g’1) and canyon (38.58 m2 g '1) cores, but remained 
constant throughout the remaining depths (37.01 ± 7.11; 47.44 ± 5.20). SSA 
averaged 21.31 ± 5.99 m2 g ' 1 in the SW Pass core and showed more variability with 
depth than the other two cores. The SW Pass core had the highest TOC/SSA (Figure
11) while the canyon core had the lowest values. TOC normalized to SSA averaged 
0.83 ± 0.23 mg m '2 for SW Pass, 0.42 ± 0 .14  mg m*2 for 50-m P and 0.30 ± 0.07 mg 
m '2 for the canyon core.
Lipid Biomarker Composition
Concentrations o f total FAs were two to seven-fold higher than total sterols in 
the sediment cores (Figure 12). The average annual sediment accumulation rate was 
highest for the SW Pass core (Appendix B .l), and this core had a significantly higher 
(P < 0 .0001) concentration o f total fatty acids throughout the core compared to total 
FA concentrations in the other cores. Total sterols decreased significantly (p = 0.03, 
r2 = 0.5) with depth in the 50-m P core but did not show clear down-core trends in the 
cores collected from SW Pass and canyon.
Short-chain even numbered fatty acids (SCFA) were significantly higher than 
LCFA throughout the SW Pass (p = 0.002) and canyon cores (p = 0.02) (Figure 13). 
There were no significant trends in changes in the concentration o f SCFA or LCFA 
with depth. The SW Pass core was dominated (p = 0.014) by plant sterols 
(Alloc/Autoc Sterols > 1 ) while the canyon core was dominated (p = 0.0001) by
37
Figure 9. Down-core profiles o f % TOC, % TN, and C/N ratios for the sediment 
cores collected from the SW Pass, 50-m P and canyon sites. The left axis is depth 
(cm) while the right axis provides time (years before present) based on calculated 
sediment accumulation rates (B. McKee and M. Allison, unpublished data). The box 
core (filled circle) and the Kasten core (open circle) data are plotted together for the 
50-m P site with details o f the box core presented in the insert. Error bars represent 
the standard deviation for duplicate samples.
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autochthonous sterols (Alloc/Autoch. Sterols < 1) (Figure 14A & 14C). The 50-m P 
core (Figure 14B & 14D) was influenced equally by both sources, but algal sources 
dominated in the surfacemost layer o f the box core.
The average TARfa and Allochthonous / Autochthonous sterol ratio for the 
sediment cores were compared. Both ratios were <1 in the canyon core, indicating 
the dominance of marine sources. The SW Pass and 50-m P cores had mixed results. 
These ratios indicated equal contributions from both allochthonous and 
autochthonous sources in the 50-m P core (alloc/autoc =0.86 and 0.96 and T A R fa =
1.08 and 1.04 for Kasten and box core, respectively). The SW Pass core sterol results 
indicated a greater allochthonous source (Alloc/Autoc = 1.55) while a greater marine 
signature from the fatty acids (T A R fa = 0.74).
In the SW Pass, 50-m P, and canyon sediment cores, PUFAs significantly 
decreased (p = 0.001, p = 0.03, p = 0.04, respectively) in abundance with increasing 
depth and time. With depth, PUFA concentration was significantly greatest (p <
0.03) within the SW Pass core. Branched fatty acids were in greatest abundance in 
the SW Pass core. PUFAs correlated with branched fatty acids (p < 0.03) in all 
except for the Kasten core, where PUFAs were more variable (Figure 15).
42
Figure 13. Down-core profiles o f short chain even-numbered fatty acids (C12 - 
C 16) (ng m g'1 TOC) and long chain even-numbered fatty acids (C24 -  C30) (ng m g'1 
TOC) for cores collected from A) SW Pass, B) 50-m P box core, C) 540 m canyon, 
and D) 50-m P Kasten core.
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Figure 14. Down-core profiles o f algal and plant sterols (ng mg*1 OC) for A) SW 
Pass, B) 50-m P box core, C) 540 m canyon site, and D) 50-m P Kasten core. Algal 
sterols include diatom sterols (24-methylcholesta-5,22-dien-3-(3-ol and 24- 
methylcholesta-5,24(28)-dien-3-P-ol), dinoflagellate sterols (4a,23,24- 
trimethylcholest-22-en-3-P-ol and 4a,23,24-trimethy5a(H)-cholestan-3-P-ol) and the 
zooplankton biomarker cholesterol (cholest-5-en-3-p-ol). Plant sterols include C29 
sterols stigmasterol (24-ethylcholesta-5,22-dien-3p-ol) and 24-ethylcholest-5-en-3p-
ol. Details for source assignments are provided in the text.
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Polycyclic Aromatic Hydrocarbons
Concentration of total PAHs ranged from 482 to 1016 ng g '1 or 39 to 100 ng 
m g'1 TOC (Tables 3, 4). The concentration of total PAHs (100 ng m g'1 TOC) was 
elevated in the ~ 200 cm interval and in the deepest sediment layer (280-282 cm) of 
the Kasten core (Figure 16). Total concentration of PAH (ng m g'1 TOC) decreased 
between the 1940s (99 ng m g'1 TOC) and the late 1950s (46 ng m g'1 TOC). 
Subsequently, total PAH (ng m g'1 TOC) increased in the early 1960s (92 ng m g'1 
TOC) and decreased to present day concentrations (50 ng m g'1 TOC). Perylene was 
the most abundant PAH in the following sediment intervals, 0-2, 20-22, 90-92, 100- 
102, 110-112, 210-212 cm (Table 3, Figure 17). When perylene was not the most 
abundant PAH, benzo(b)fluoranthene had the highest concentration. The down-core 
profile o f perylene differed from the general pattern of the other PAHs. While the 
other PAH compounds (phenanthrene, benzo(b)fluoranthene, pyrene) increased in 
concentration at 190-192 cm (54, 164, 120 ng g"1; 5, 15, 11 ng m g'1 TOC) and 
decreased in concentration at 210-212 cm (30, 76, 39 ng g '1; 2, 6, 3 ng m g'1 TOC), 
concentrations o f perylene increased at 210-212 cm (2012 ng g '1; 16 ng mg*1 TOC). 
This could indicate different sources contributing to the PAH composition or 
diagenetic effects.
Source Identification
PAH isomer ratios and the proportion of alkylated to non-alkylated 
compounds provides information useful for source identification. The ratio of 
methylphenanthrenes to phenanthrene was less than 1 throughout the Kasten core
46
(Figure 18), indicating a dominance o f combustion sources. A comparison of isomer 
ratios in the Kasten core with literature values for ratios o f benzo(b)fluoranthene / 
benzo(k)fluoranthene (3.70 ± 0.17) and benzo(a)anthracene / chrysene (1.11 ± 0.06) 
suggest that a coal/coke source o f PAHs was likely (Figure 18). 
Indeno(l,2,3cd)pyrene / benzo(ghi)perylene ratios (0.82) were closer to values 
attributed to coal sources (1.09 ± 0.03).
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Figure 16. Down-core profiles o f total PAHs (ng g '1 (A) and ng m g'1 OC (B)) for 
the 50-m P Kasten core. The left axis represents depth in the core (cm) and the 
corresponding years (before present) are given in the right axis. The flood year 1984 
is highlighted in bold type.
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Discussion
Elemental Composition
The % TOC and TN data collected during this study are consistent with 
previous work in the Gulf o f Mexico. Gordon and Goni (2004) found higher TOC on 
the inner shelf (<10 m water depth) and slope (>200 m water depth) (1.3-1.5% and 
1.1-1.6%, respectively), and less TOC (0.6-1.1%) at outer shelf (10-200 m water 
depth) stations. Similarly, Bianchi et al. (2002) found TOC contents o f ~1 ± 0.1% on 
the shelf (~50 m water depth). In our study, there were no significant differences in 
TOC or TN between regions; however, the marsh and river regions showed a trend of 
higher %TOC values compared to the shelf and slope. Consistent with these trends, 
Hedges and Parker (1976) found increased %TOC values in a saline marsh (5.5%), as 
well as in Terrebonne Bay (3.0 and 6.8%), a bay immediately to the west o f Barataria 
Bay. In addition to these regional trends (e.g., marsh/river vs. shelf/slope) the 
shallow water sites showed considerable variability. Both the marsh mud site and 
Barataria 1 site had lower %TOC values relative to the other marsh sites. This 
variability may be explained by the surface area results, as both the marsh mud and 
Barataria 1 stations had lower surface area values indicating a coarser material. 
Coarser/sandier sediments are generally lower in organic content (Gordon et al.,
2001; Mayer b, 1994; Keil et al., 1994).
Chen et al. (2005) examined sediment cores from the GOM collected in July 
1999 and found that TOC and TN in the upper 2 cm were only slightly greater than in 
deeper sediment layers and that TOC and TN closely tracked each other throughout 
the core. The average elemental composition varied little down core within this
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study. The canyon core, though further offshore and with less sediment accumulation 
than the SW Pass and 50-m P cores, had similar average TOC and TN values.
Gordon and Goni (2004) examined a core with similar characteristics (water depth 
365 m, 210Pb ~ 0.31 cm yr'1) to our canyon core (water depth 540 m, 210Pb ~ 0.77 cm 
yr'1) and found comparable elemental compositions (Ave %TOC -1 .29 ±0.13, %TN 
-  0.16 ± 0.01; Canyon core this study: Ave %TOC -  1.28 ± 0.21, TN -  0.14 ± 0.03).
The C/Na ratios indicate that organic carbon derives from a mixture of 
sources. C/Na ratios for surface sediment show that the marsh region had the highest 
ratio (16 ± 3.0, n = 5) which was significantly different (p < 0.001) than other regions 
within the study area. Higher plants are enriched in carbon relative to algae, with 
C/Na values ranging from 20-500 (Hedges et al., 1997). C/Na ratios from the River 
and SW Pass averaged 11 ± 0.6, similar to values o f 12 ± 1.3 from previous studies in 
the lower river (Bianchi et al., 2002). Sources o f organic material to the lower river 
could include soil-derived organic matter from the Mississippi drainage basin, which 
has a C/Na ratio between 10 and 13 (Tiessen et al., 1984; Gordon and Goni, 2004). 
The shelf sites in this study had C/Na ratios ranging from 9 to 11.5, higher than the 
Redfield ratio for fresh phytoplankton (6.7, Redfield, 1963). Previous studies have 
found C/Na ratios in the shelf and slope regions o f the Gulf o f Mexico to range 
between 9.4 -  10.8 (Bianchi, 2002; Gordon and Goni, 2004), indicating a mixture of 
phytoplankton and terrigenous sources.
813C values ranged from -25 to -18, similar to those measured in previous 
studies in the shelf and slope regions (Hedges and Parker, 1976; Bianchi et al., 2002; 
Gordon and Goni, 2004). There were significant differences in 813C between the
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marsh and slope regions, with the greater enrichments in 8 13C associated with the 
inner marsh and marsh samples (-18 ±  0.04%o). C3 plants have S13C values o f -28 to - 
25%o while marine plankton ranges from -22 to -19%o (Hedges et al., 1997). 
Seagrasses have an isotopic signature o f -10 to -14%o (Thayer et al., 1978; Canuel and 
Martens, 1993) and Spartina alternijlora, found in salt marshes, has 8 13C values o f - 
13%o (Currin et al., 1995; Canuel et al., 1997). When the 8 13C and C/N data for 
surface sediments are examined together (Figure 19A), it is apparent that the marsh
• * 1 3region is characterized by enrichments in 8 C and elevated C/Na, indicating unique 
carbon sources to this region. These data are consistent with contributions from 
marsh macrophytes and/or benthic microalgae (8 13C = -15%o) (Currin et al., 1995).
In comparison, S13C signatures for the river and SW Pass sites were depleted in S13C 
(-25%o), indicating contributions from terrigenous C 3 plants and/or freshwater algae. 
Values for the shelf, slope and canyon sites ranged between -23 to -21%o, a range 
similar to marine plankton, but also consistent with a mixture o f C 3 and C4  plants 
(Goni et al., 1998).
• 13The down-core data for C/Na ratio and 8 C were also examined together 
(Figure 19B). The C/Na ratios, similar to the %TOC and TN values, varied little with 
depth throughout the cores, reflecting a constant source contribution through time.
The SW Pass core C/Na ratio (11.93 ± 0.98) reflected mixed inputs from terrigenous 
(20-500; Hedges et al., 1997) and/or soil organic matter (10-13; Tiessen et al., 1984), 
as well as phytoplankton (6.7; Redfield, 1963) and was similar to previous MI River 
studies (C/Na = 11.4 ± 0.7) (Chen et al., 2005). S13C was more depleted 
(representative o f higher plants) in the SW Pass core (-24.6 ± 0.54 per mil) (Figure
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19B). The C/Na ratio and 813C values in the 50-m P box core were consistent with 
phytoplankton (C/Na: 8.26 ± 0.82; 513C: -22.6 ± 0.43 %o). The average 813C values in 
the canyon core (-21.54 ± 0.33 %o) was consistent with phytoplankton sources but 
could also reflect a mixture o f C 3 and C 4  plants (Goni et al., 1998). Consistent with 
813C, the average C/Na ratio for the Canyon core (11.09 ± 0.80) indicated inputs from 
either degraded plankton and/or a mixture of aquatic and terrigenous sources. Mixed 
sources o f organic matter likely contributed to the 50-m P Kasten core sediment and 
C/Na ratio and 813C varied little with depth (9.96 ± 0.50 and -21.85 ± 0.45 %o, 
respectively).
815N values are often variable due to isotope fractionation by algal uptake and 
nitrification (Cloem et al., 2002). Typical 815N values for phytoplankton range from 
5 to 7%o (Hedges et al., 1997). 815N values for terrestrial plants range from -5 to 18%o 
and nitrogen-fixing terrestrial plants range from -6 to 6%o (Fogel and Cifuentes,
1993). The inner marsh, marsh and marsh mud had 815N values (0.85 ±  1.02%o) 
similar to standing dead S. alterniflora (-0.3 to 1.7%o) (Currin et al., 1995). The 
average 815N for the shelf and slope sites was 10.4 ± 0.62 (n=8), slightly higher than 
the range for phytoplankton. However, remineralization of organic matter results in 
preferential enrichment in 15N. Hence, the S15N signal could be influenced by the 
accumulation of decomposing OM from phytoplankton and terrestrial sources.
56
13 •Figure 19. Property-property plots of 5 C vs. C/Na ratios for surface sediments 
(A) and sediment cores (B). The color of the symbols corresponds to the regions 
identified using the bathymetric data and factor analysis (see text).
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515N values in deeper sediment layers of the SW Pass and 50-m P box core 
decreased by 50% relative to the surface sediment values (12 and 10 %o, 
respectively). Selective degradation o f organic N can cause decreases o f 515N values 
(Ogrinic et al., 2005). 515N in the canyon core did not decrease with depth. The 
higher 515N values in the canyon core suggest the accumulation of decomposing OM 
from both phytoplankton and terrigenous sources.
Overall, the C/Na ratios indicate that the marsh and river regions are enriched 
in contributions from higher plants; however, the isotopic signatures (513C) indicate 
that the sources of OM to the marsh differ from the river region. The marsh is 
influenced by salt marsh macrophytes like S. alterniflora, while the river is influenced 
by contributions from C3 plants and soil organic matter. In contrast, the shelf, slope 
and canyon sites have a predominantly marine source with some contribution from 
terrigenous inputs. To further elucidate these source contributions, lipid biomarkers 
were used.
Lipid Biomarker Source Identification
Specific FAs and sterols were used to examine regional differences in the 
relative contributions of terrigenous and algal organic matter to the surface sediments. 
Fatty acids were grouped to represent potential OM sources as follows: short chain 
even numbered fatty acids (SCFA, C 12 -  Ci6) to represent aquatic (algal + bacterial) 
sources, branched (iso and anteiso C 15 and C17 FA) to represent bacterial 
contributions, polyunsaturated fatty acids (C20 and C22 PUFA) representative of
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contributions from labile algal OM and long chain even numbered FA (LCFA, C24 -  
C30) representing higher plants (Volkman et al., 1980; Volkman, 1986; Canuel and 
Martens, 1993; Zimmerman and Canuel, 2001). Sterols representative of 
autochthonous sources included diatom sterols (24-methylcholesta-5,22-dien-3p-ol 
and 24-methylcholesta-5,24(28)-dien-3p-ol), dinoflagellate sterols (4a,23,24- 
trimethylcholest-22-en-3p-ol and 4a,23,24-trimethyl-5a(H)-cholestan-3p-ol) and 
cholesterol (cholest-5-en-3p-ol) the major sterol in crustaceans such as zooplankton 
(Volkman 1986; Killops and Killops, 1993). C29 sterols such as stigmasterol (24- 
ethylcholesta-5,22-dien-3p-ol) and 24-ethylcholest-5-en-3p-ol, as well as the C28 
sterol campesterol (24-methylcholest-5-en-3p-ol) were used as biomarkers for higher 
plant sources (Volkman, 1986; Volkman et al., 1998).
Surface Sediments
Analysis o f lipid biomarker compounds reveals regional differences in the 
distribution o f autochthonous and allochthonous sources of organic matter throughout 
the region. As illustrated in the Factor Analysis, Barataria 3, 50-m M, 50-m P, the 
canyon samples collected in September, and 80 m sites were enriched in algal 
sources. These sites had the highest concentrations (ng m g'1 OC) o f SCFA and algal 
sterols (Figure 20). Ratios o f T A R fa and Allochthonous/Autochthonous sterols were 
less than one indicating that the dominant sources for these sites were marine in 
origin. Bara 3, 50-m M, 50-m P, and 80 m are located within the shelf region (24-85 
m deep), with salinity values ranging from 16-23 and where high primary 
productivity occurs (Lohrenz et al., 1999). Our samples were collected at a time
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when primary production is high in this region. Lohrenz et al. (1999) found highest 
values o f productivity (>10 g C m'2 d’1) in the GOM during July-August 1990.
Biomarkers indicated that diatoms dominated the algal material. Though 
diatom sterols were in greater abundance than dinoflagellate sterols (Figure 21), there 
was a mixed phytoplankton community present with organic matter accumulations 
from dino flagellates and zooplankton. Diatom sterols correlated to 16:lco7 (r2 =0.81, 
p < 0.00001), a fatty acid proxy for algal material (Killops and Killops, 1993).
Diatom sterols also were significantly correlated with PUFAs (r2 = 0.6, p = 0.0004), 
indicating that diatom production contributed to the higher concentration o f fresh 
OM (PUFAs) in the surface sediments. Cyanobacteria is known to be an important 
source o f primary production in the GOM (Rabalais et al., 1998). However, because 
o f the small cell size, it may not be delivered to the sediments as efficiently as 
diatoms. It has been suggested in previous studies that food webs consisting o f larger 
plankton, specifically diatoms, may attribute disproportionately to the export o f OC 
out o f surface waters (Buesseler, 1998).
Sites with the most negative scores for Factor 1 included the marsh and river 
sites. These sites had the highest concentrations o f LCFA and plant sterols, as well as 
the highest C/N ratios. These sites also had the highest TARFa and
Allochthonous/Autochthonous sterol ratios, consistent with higher contributions from
11terrigenous sources. Although C/Na and 8 C analyses revealed differences in the 
sources of terrigenous material delivered to the two regions, this was not apparent 
with the lipid biomarker analysis. Both regions are dominated by the same sterols
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Figure 24. Fatty acid composition of surface sediments. Fatty acid biomarkers 
including the sum of the even-numbered short chain fatty acids (C 12 + C 14 +  C i6 ) 
representing aquatic organic matter and the sum of even-numbered long chain fatty 
acids (C 2 4  +  C 2 6  + C 2 8  +  C 3 0 ) indicative o f terrigenous (plant) organic matter. The 
error bars represent the range for replicate samples, when available. TARfa 
represents the ratio o f LCFA to SCFA, providing an index of terrigenous to aquatic 
contributions.
Fatty Acids
o
i—C8
u
*ECOSi)
-
o
0X3
E
~OXl
^  ^  A  A  S  ^  ^& cS & &  d ’ a  ^
Sites
0  C12-C16 B C24-C30 ♦ T A R  FA
61
T
er
re
st
ri
al
 t
o 
A
qu
at
ic
 
R
at
ix
Figure 21. A. Plankton sterols include diatom sterols (24-methylcholesta-5,22- 
dien-3-(3-ol and 24-methylcholesta-5,24(28)-dien-3-p-ol), dinoflagellate sterols 
(4a,23,24-trimethylcholest-22-en-3-P-ol and 4a,23,24-trimethy-5a(H)-cholestan-3-p- 
ol) and a zooplankton biomarker cholesterol (cholest-5-en-3-p-ol).
B. Plant sterols include stigmasterol (24-ethylcholesta-5,22-dien-3p-ol), 24- 
ethylcholest-5-en-3p-ol, and campesterol (24-methylchoelst-5-en-3P-ol). 
Allochthonous to Autochthonous ratios are plotted with an asterisk and correspond to 
the secondary y-axis scale (right). Because the values for inner marsh and marsh are 
outside the range of the secondary y-axis, the value for these two samples is labeled 
next to the asterisks.
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(24-ethylcholest-5-en-3(3-ol, 24-ethyl-5a(H)-cholest-3p-ol, 24-ethylcholesta-5,22- 
dien-3(3-ol, cholest-5-en-3|3 -ol). This is not surprising because both marsh plants and 
soil/terrigenous plants have similar biomarker composition, while isotopic signatures 
o f these sources differ (Canuel et al., 1997). Thus the combination o f these methods 
provides insight not possible with each alone.
The marsh sites had the highest proportion (or relative abundance) of 
branched FA (14 ± 3.9 %) compared to the river (7 ± 5.0 %), shelf (9 ± 4.0 %) and 
slope (5 ± 1.5 %) regions (data not shown). Branched FA are abundant in sulfate 
reducing bacteria (Kaneda, 1991) and are likely influenced by sulfate reduction, thus 
it is not surprising to find higher abundances at the marsh sites. Branched FA may 
also derive from soil microbes and this source may contribute to the abundances of 
branched FA in the river/shelf regions.
Interestingly, the outer shelf regions including 50-m D, 95 m, 110 m and 540 
m canyon had negative scores on Factor 1, indicating these sites are influenced by 
allochthonous sources to a greater extent. One explanation for this may be 
hydrodynamic sorting that occurs when organic-rich material associated with finer 
grains is carried further offshore (Keil et al., 1994, 1998). Studies have identified 
hydrodynamic sorting as a mechanism controlling the distribution o f terrigenous 
material. Off the Washington coast, highly degraded, fine-grained terrestrial material 
is transported further offshore to the slope due to hydrodynamic sorting o f organic 
material (Prahl, 1985; Prahl et al., 1992). Using lignin phenols, Bianchi et al. (2002) 
found that hydrodynamic sorting removed large woody particles o f angiosperm 
origin, reducing the amount o f coarser terrigenous material carried out to the GOM
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slope. Gordon and Goni (2004) also found less lignin material on the slope than inner 
and outer shelves. However, soil-derived terrestrial organic matter was identified in 
offshore locations, which could result from hydrodynamic sorting and greater 
accumulation of OM on the slope than the outer shelf region (Goni et al., 1998; 
Gordon and Goni, 2004).
An alternative explanation for the negative Factor 1 scores for the offshore 
sites may be that dilution from autochthonous sources resulting from algal production 
is lower in these regions. Belicka et al. (2004) found that reduced production was 
reflected in the sediments o f the Chukchi Basin. Terrigenous carbon from riverine 
influences was elevated in these sediments due to smaller inputs of marine material. 
Average surface fluorescence (0.12 ± 0.08 mg m*) for the slope and canyon sites (95, 
110, 540 m) was lower than on the shelf (Bara 3, 50-m P, 50-m M) (0.64 ±  0.12 mg 
m '3) (Table 2). However, the 50-m D station (0.67 mg m‘3) did not have decreased 
fluorescence compared to the shelf sites.
The negative scores for the 50-m D and slope sites may reflect lower 
concentrations o f algal biomarkers accumulating at these sites. Average 
concentrations of plankton sterols in the shelf/slope sediments (shelf: 504 ± 172; 
slope: 274 ± 40 ng mg ' 1 TOC) and SCFAs (shelf: 1762 ± 396; slope: 903 ± 183 ng 
mg ' 1 TOC) were less abundant for the shelf sediments. However, this could also 
reflect increased effects of diagenesis. At offshore sites, the sediment accumulation 
rates are less while the transit time of material to the sediment is greater, allowing for 
algal material, particularly labile components, to degrade. There is also more 
bioturbation at the canyon site which could increase diagenesis. Lastly, the factor
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analysis only explains 78% of the variance in the data indicating there are other 
factors that likely affect the distribution that are not explained by the dominant 
factors.
The 540 m canyon and canyon samples collected in September differed in 
compositions indicating temporal variability. In the Factor Analysis, the September 
canyon samples plotted in the same region as sediment from the productive shelf 
sites. This is likely due to the high concentration o f algal biomarker compounds in 
these sediments (Figure 20 and 21). In addition to the high levels o f algal 
biomarkers, plant organic biomarkers are also elevated compared to the other slope 
sites within this region. This illustrates the seasonal and interannual variation that 
occurs within the system. Biological and physical processes influence the delivery of 
algal organic matter and its preservation. Despite the dominance o f algal material at 
this site; however, there is evidence for the accumulation of terrigenous organic 
matter as well indicating that terrigenous organic matter is transported offshore and 
preserved in canyon sediment.
The presence o f the C29 sterol, 24-ethylcholest-5-en-3p-ol, is usually 
attributed to higher plant sources (Bae and Mercer, 1970; Wannigama et al., 1981; 
Volkman, 1986). However, this compound has also been identified in cyanobacteria 
and algae (Volkman, 1986; Volkman et al., 1998; Canuel and Martens, 1993).
During summer, cyanobacteria have been documented in shelf waters of the Gulf of 
Mexico (Rabalais et al., 1998). In this study, 24-ethylcholest-5-en-3p-ol contributed 
16 -  43% of total sterols. To examine the sources o f this sterol more closely, the 
abundance of 24-methylcholesta-5,22-dien-3p-ol (brassicasterol), a typical plankton
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biomarker, was compared to the abundance of 24-ethylcholesta-5,22-dien-3p-ol 
(stigmasterol), a biomarker representing vascular plant sources and the compound 
receiving the most negative score in the factor analysis, which separated terrigenous 
from algal material. Stigmasterol abundances were greater than brassicasterol in the 
river and marsh regions while brassicasterol abundances were higher in the shelf and 
slope regions. Furthermore, brassicasterol had a significant relationship (r2 = 0.93; p 
= 0.0001) with 24-ethylcholest-5-en-3p-ol in shelf and slope regions, but not in river 
and marsh regions. In contrast, stigmasterol was related (r2 = 0.98; p < 0.0001) to 24- 
ethylcholest-5-en-3[3-ol in river and marsh regions, suggesting plant sources for this 
compound in these regions. These correlations suggest that inputs from 
cyanobacteria may contribute to the large concentration o f 24-ethylcholest-5-en-3p-ol 
found at shelf and slope regions. Thus, in this study, 24-ethylcholest-5-en-3p-ol is a 
biomarker for both terrigenous and autochthonous contributions depending on the 
region being examined (Volkman, 1986), again indicating the value o f a multi­
biomarker approach.
Sediment Profiles—Lipid Biomarker Compounds
The burial of organic carbon in continental margin environments is dependant 
on several conditions. This includes the supply of particulate organic carbon to 
bottom sediments and the preservation o f organic carbon subsequent to deposition 
(Hedges and Keil, 1995). These factors are influenced by the quantity and the 
composition of riverine inputs to shelf/slope environments. In addition, productivity, 
oxygen exposure time, sediment accumulation rate, and organic matter composition
66
all influence organic carbon preservation (Hedges and Keil, 1995; Arzayus and 
Canuel, 2004; Wakeham and Canuel, 2005). Generally, OM reactivity decreases with 
depth as more labile compounds are preferentially consumed (Canuel and Martens, 
1996). PUFAs and SCFAs are degraded more rapidly over time (e.g., with depth in 
the sediment core), while LCFAs are more stable. Rates of loss for sterols are similar 
amongst sterol compounds, and stability was not seen to be connected to source 
(Canuel and Martens, 1996). Thus, the reactivity of biomarkers must be considered 
when interpreting sediment profiles.
In the SW Pass core, PUFA concentration remained above 100 ng m g'1 TOC 
to 35 cm depth reflecting recent accumulation. In contrast, concentrations o f PUFAs 
decreased below 100 ng m g'1 TOC by 7 cm in the box core from the 50-m P site and 
by 3 cm in the canyon core. In the box core from the 50-m P site, PUFAs were 
significantly correlated to diatom sterols (r = 0.725, p = 0.0018), suggesting that the 
majority of fresh material in the 50-m P box core was from diatom production. 
Bacterial inputs (branched FA) tracked diatom sterols more closely in the 50-m P box 
core (r2 = 0.63, p = 0.006) than in the canyon core (r2 = 0.54, p = 0.0007). However, 
these compounds were not correlated in the SW Pass or Kasten cores (p > 0.05) 
suggesting organic matter deposited in these cores may not be as fresh or that there 
are different communities o f bacteria present that are not reflected by branched FA 
(Wakeham, 1995). In all box cores, branched fatty acids were significantly correlated 
to PUFAs (SW Pass: r2 = 0.80, p = 0.0005, 50-m P box: r2 = 0.89, p > 0.0001, 
canyon: r2 = 0.29, p = 0.02), indicating that the fresh algal fraction o f OM is “fueling” 
microbial activity within the cores (Canuel and Martens, 1993).
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LCFA remain relatively constant in concentration with depth in the cores. 
Although variations in SCFA with depth were not significantly different in the 50-m 
P and canyon box cores, SCFA concentrations followed the trend of decreasing with 
depth. This is most likely due to preferential degradation of SCFAs over time 
(Haddad et al., 1992; Canuel and Martens, 1996). The SW Pass core represents 1 
year of accumulation, while the canyon core represents a 60 year record. Hence, we 
find increasing T A R fa (terrestrial (LCFA) to aquatic (SCFA) fatty acid ratios) in the 
50-m P and canyon cores, however, this trend is not observed in the down-core 
profile from the SW Pass core where the sediment core reflects recent (< 1 year b.p.) 
accumulation.
In addition to diagenetic influence, down-core profiles may reflect changes in 
input and/or non steady-state events. The increased concentration of SCFAs at 200- 
202 cm in the Kasten core could be evidence o f such an event. The Canyon core 
indicated disturbances within the core including elevated concentrations o f SCFA at 
38 cm. The variability within the core could be due to biological mixing. Previous 
studies at sites with low sedimentation rates have found bioturbation (Allison et al., 
2000). Our box core from the canyon had numerous worm tubes at the surface and 
signs o f biological disturbance (Appendix B.4).
Sterols are less influenced by early diagenesis (Canuel and Martens, 1996) 
and plant and algal sterols both decrease similarly to one another down-core. The 
SW Pass (mean Allochthonous / Autochthonous sterol ratio = 1.55 ± 0.72) and 50 m 
Proximal box core (mean Allochthonous / Autochthonous sterol ratio = 0.96 ± 0.22) 
have greater plant than algal contributions with depth. In the Canyon core, algal
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sources dominate throughout (mean Allochthonous / Autochthonous sterol ratio = 
0.52 ± 0.07). In the 50-m Kasten core algal sources dominate (mean Allochthonous / 
Autochthonous sterol ratio = 0.86 ± 0.16), however, plant sterols are greater at 90-92 
cm and have equal contribution to algal sterols at 280-282 cm.
As mentioned above, 24-ethylcholest-5-en-3p-ol can have both terrigenous 
and autochthonous sources (Volkman, 1986; Canuel and Martens, 1993). The down- 
core abundance of 24-ethylcholest-5-en-3(3-ol did not correlate with either 
stigmasterol or diatom sterols in the SW Pass core. In both the 50-m P box core and 
canyon core, 24-ethylcholest-5-en-3p-ol had a significant positive relationship with 
stigmasterol (p = 0.0002 and p = 0.03, respectively) and diatom sterols (p < 0.0001 
for both cores). However, the correlation with diatom sterols was stronger than with 
stigmasterol in both cores. In the Kasten core, 24-ethylcholest-5-en-3p-ol was 
correlated to diatom sterols (p = 0.01). As discussed above, although 24-ethylcholest- 
5-en-3p-ol is often considered a plant biomarker, it may reflect autochthonous sources 
such as cyanobacteria at the 50-m P site. However, this does not change our 
interpretation o f down-core results for the canyon or SW Pass sites.
Consistent with the elemental and biomarker data, the sources o f organic 
matter appear to be constant over the time periods represented by the cores. FA 
profiles appear to be influenced by diagenesis, consistent with the established 
reactivity o f this compound class (Canuel and Martens, 1996). FA biomarkers in the 
SW Pass core indicate greater algal sources while sterol biomarkers indicate greater 
plant sources. However, when the biomarker data are examined together with the 
813C and C/N data, it is apparent that both sources contribute to the organic matter.
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Typically, sediment is stored in the lower river during late spring early summer and 
exported during the winter months (Corbett et al., 2004). At the 50-m P site, organic 
matter sources include allochthonous material in addition to high primary production 
characteristic of the shelf. Similar to the surface sediments, offshore sites have higher 
sediment surface area (SW Pass: 21.3 ± 6.0; 50-m P: 37.0 ± 7.0; canyon core: 47.4 ± 
5.2). This could result from hydrodynamic sorting with finer-grained organic-rich 
material accumulating offshore. In the canyon region, both plant and algal sources of 
organic matter accumulate over time, although algal sources dominate.
Polycyclic Aromatic Hydrocarbons
PAHs and biomarkers representing terrigenous sources were examined using 
the 50-m P Kasten core to determine whether the accumulation of terrigenous 
material is enhanced during flood events. Total PAHs followed previously published 
patterns for sediments from the GOM with increased concentrations in the 1940s (77 
ng m g'1 TOC) and 1960s (92 ng m g'1 TOC) compared to the 1980s (44 ng mg*1 
TOC). Previous studies found that increased PAH concentration from the 1940s 
through the 1960s was most likely due to increased anthropogenic activities (Presley 
et al., 1998; Santschi et al., 2001).
Figure 16 reveals a PAH increase in the 190-192 cm interval corresponding to 
1961. This did not correspond to high water flows or high sediment loads. This high 
concentration of PAHs could be due to the increased anthropogenic activities in the 
drainage basin o f the Mississippi River during that time period (Presley et al., 1998). 
Concentration profiles for most PAHs analyzed followed the same general pattern.
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Individual PAH compounds also showed increased concentrations in the 1961 
sediment layer. Perylene was an exception to this pattern. Perylene has multiple 
sources including combustion (Laflamme and Hites, 1978) and in situ diagenesis of 
marine and terrestrial organic matter (Venkatasan, 1988, Silliman et al., 1998). Other 
studies have also found differing profiles of perylene from pyrogenic PAHs (Lima et 
al., 2003; Countway et al., 2003).
Alkylated compounds and isomer ratios were used to identify PAH sources 
within the Kasten core. Ratios o f the parent PAH to alkylated PAH can indicate 
source (Dickhut et al., 2000 and references therein). Enrichments in the parent PAHs 
(non-alkylated) compounds indicate a pyrogenic PAH source such as soot and other 
combustion derived material (Latimer and Zheng, 2003). When alkyl compounds 
dominate, petrogenic or petroleum sources o f PAHs are more likely (Latimer and 
Zheng, 2003). The ratio of methylphenanthrenes to phenanthrene within this study 
was found to be less than 1, consistent with combustion sources (Youngblood and 
Blumer, 1975, Prahl and Carpenter, 1983) (Figure 18D). Comparing our data to 
literature values for PAH isomer ratios indicates that coal/combustion sources 
dominate (Figure 18). Examining the isomer ratios suggests that PAH sources may 
have changed over time or are influenced by diagenesis. Previous studies have found 
that the isomer with the greater length / breadth ratio (chrysene, 
benzo(k)fluoranthene, indeno(l,2,3-cd)pyrene) decrease more rapidly in 
concentration due to preferential degradation (Arzayus et al., 2002). Arzayus et al. 
(2002) found evidence for selective loss of PAH isomers in highly-mobile muds of 
the York River Estuary, VA. These conditions are similar to the seabed environment
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characteristic o f the Mississippi River and adjacent GOM. Diagenesis on down-core 
profiles are suggested by changes in the slope of the isomer ratio over time (Figure 
18A-C). These changes in slope are consistent with the preferential loss o f isomers 
that degrade more rapidly. When the compound in the denominator is more 
susceptible to diagenesis, as is the case for benzo(k)fluoranthene and chrysene, the 
slope is positive. In contrast, when the compound in the numerator is more 
susceptible (indeno(l,2,3,cd)pyrene), the slope is negative. However, isomer shape is 
only one o f the PAH properties that must be considered when examining the affects 
o f diagenesis (Arzayus et al., 2002).
The original hypothesis that PAH concentrations would be greater in flood 
layers was not supported. Although average annual water flows were highest in 1984 
(100-102 cm sediment interval), concentrations o f total PAHs were not. This could 
reflect the fact that PAHs were delivered in constant proportion to TOC.
Alternatively, because the sources o f PAH are dominated by combustion sources, 
they may not be good tracers for terrigenous OM in the GOM. Terrigenous 
biomarkers in the 100-102 cm sediment interval were enriched in LCFA relative to 
SCFA. However, when compared to surrounding sediment layers, 90-92 and 110-112 
cm, LCFAs were also more abundant in those sediment intervals as well. Plant 
sterols were greater than algal sterols in the 90-92 cm layer, but not in 100-102 cm 
layer. To better investigate this hypothesis, more flood layers, specifically the 1973 
flood layer, and sediments deposited during recent hurricanes should be examined.
Summary/Conclusions
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Measurements o f the elemental, stable isotopic, and biomarker composition of 
surface sediments demonstrated spatial variation in the sources of OM within the 
Mississippi River and adjacent Gulf o f Mexico. Quantitative source assignments of
• • 1 3  • •surface samples using isotopic 8 C values, the percent contribution of allochthonous 
and autochthonous sterols, and the percent of SCFA and LCFA, were averaged to 
create a synopsis of the sources of organic material throughout the region (Figure 22). 
Based on these findings, terrigenous sources were elevated within the marsh and river 
regions with macrophytes dominating in the marsh region while soil organic matter 
and higher plants contributed to the organic material accumulating within the river 
region. With increasing distance from shore, marine sources o f organic matter 
dominated, but terrigenous signatures were found in even the most distal sites.
TARfa and ratios o f Allochthonous / Autochthonous sterols indicate both 
sources are present and accumulating in surface sediments within the region. Down- 
core profiles were influenced by diagenesis, evidenced by selective losses of short-
13 •chain fatty acids and PUFAs. However, 8 C, C/N and sterol biomarker compounds 
indicate that OM sources are similar over the time frame of our study. Examining 
both elemental and lipid biomarker data, the SW Pass had accumulations o f both 
plant and algal material in down-core sediment. The 50-m P cores had contributions 
o f terrigenous material and evidence o f high primary production characteristic o f the 
shelf. The canyon core was dominated by algal contributions.
Though the hypothesis for enrichments in PAHs and terrigenous (plant) 
biomarkers during flood events was not supported by preliminary data, evidence of 
terrigenous compounds (PAHs, LCFA, allochthonous sterols) were present within the
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50-m P Kasten core. The increased concentration of PAHs within the Kasten core 
seemed to reflect increased anthropogenic usage, peaking in the 1960s. To further 
explore the role of events in OM delivery, additional flood layers, specifically the 
sediment layer corresponding to the 1973 flood event and sediment from recent 
disturbances like Hurricane Katrina (August 29, 2005), should be examined.
This study builds on previous studies investigating the fate of terrigenous OM 
in the Mississippi River / GOM in two important ways. First, it extends the 
geographic range to include the outer shelf, slope, and canyon regions. Most previous 
studies have focused on the river and inner shelf regions. Second, it utilizes lipid 
biomarker compounds. Previous studies have utilized 513C and lignin oxidation 
products. Lignin provides an excellent marker for terrigenous OM but does not allow 
simultaneous characterization o f algal / bacterial sources.
This project provides a baseline for characterizing the sources o f organic 
matter that have accumulated within recent sediments in this region. By further 
elucidating organic carbon sources within this region, carbon budgets for river- 
dominated ocean margins can be improved. In response to recent hurricanes (Katrina 
(August 29, 2005) and Rita (September 24, 2005)), this region has received much 
attention regarding the management o f coastal wetlands and river flow. Currently 
Louisiana is seeking $40 billion for wetland restoration and hurricane protection 
projects from Congress (McKay, 2005). Proposals to restore wetlands and distribute 
Mississippi River sediment within subsiding land could alter the sources o f organic 
matter delivered to the Gulf of Mexico (McKay, 2005). This thesis illustrates that 
terrigenous material from the MI is delivered throughout the shelf to the canyon
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region at present. This supplies the canyon with fresh OM and there is evidence o f an 
active benthic community. With future proposals to re-distribute sediment, we may 
see a shift in OM delivered to the system. Future research inspired by this thesis 
project should include analysis o f organic material accumulated during various 
seasons, as well as a more thorough examination of non-steady state processes and 
the role o f events in OM delivery.
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Figure 22. Autochthonous and terrigenous contributions calculated from 13C 
isotopic mixing model, percents o f autochthonous and allochthonous sterols, and 
SCFA and LCFA. The size o f the pie represents the amount o f total organic carbon 
to the regions. Models o f carbon delivery from the marsh are represented by solid 
black lines while dotted represents river organic material distribution.
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Table 7. Factor Analysis loadings and scores
a. Loadings
variable Factor 1, Factor 2 Factor:
15,17Br 0.67 -0.34 -0.15
odd C13-C17 0.87 0.42 0.05
18:2, 18:3 0.49 0.48 -0.22
C14 0.90 0.38 -0.02
20 PUFAs 0.79 0.55 -0.13
22:6w3 0.70 0.60 -0.13
C24-C30 -0.09 -0.02 0.77
Diatom Sterols 0.87 -0.29 -0.05
Dinoflagellate 0.83 -0.23 0.21
C16 0.77 -0.21 0.39
27A5 0.81 -0.48 0.08
29A5 0.14 -0.69 -0.57
LC OH 0.63 -0.58 0.44
28A5 0.37 -0.70 -0.45
29A5,22 -0.37 -0.37 0.24
b. Scores
sites Factor 1 Factor 2 Factor.
River Stn -0.72 0.20 1.06
SW Pass -0.54 0.32 -0.34
50-mP 1.33 -1.78 -0.51
inner marsh -0.95 -0.99 -1.09
marsh -1.21 -0.90 -1.95
marsh mud -1.29 -0.54 1.69
Bara 2 -0.20 0.63 0.45
Bara 1 -0.10 1.14 0.69
Bara 3 1.85 1.61 -0.73
50-m M 1.49 -0.06 -0.47
80 m 0.53 0.84 -0.10
50-m D -0.55 0.14 -1.12
95 m -0.17 0.55 0.06
110m -0.43 0.52 0.79
540 m -0.36 0.29 0.03
sept canyon ave 1.33 -1.98 1.54
Appendix B.
Sediment Accumulation
X-radiographs, 7Be and 210Pb profiles and porosity data were examined for 
cores collected from the end-member sites (SW Pass and Canyon) and an 
intermediate site (50-m P) (B. McKee and M. Allison, unpublished data). The 
penetration of 7Be to 40 cm in the SW Pass core indicates the entire core reflected 
recent accumulation (~1 year). A sediment accumulation rate o f 1.24 mm d '1 was 
calculated using the 7Be data. This rate was extrapolated to a long-term sediment 
accumulation rate 45.26 cm y r'1.
X-radiographs for the 50-m P box core appeared homogenous throughout 
with some evidence o f recent deposition (7Be in upper 4 cm). The sediment 
accumulation rate for this box core was 0.13 mm d '1 which extrapolated to a long 
term sediment accumulation rate was calculated to be 4.75 cm yr'1. The Kasten 
core collected from the 50-m P site extended the record to 280 cm. Unlike the
surface sediments represented by the box core, the Kasten core recorded changes
• 210  •in porosity at 100 cm and 200 cm. Using Pb dating and assuming an average 
porosity o f 75% over the length o f the Kasten core, the sediment accumulation 
rate was calculated to be 5.2 ± 0.4 cm yr"1.
The Canyon core had signs of biological structures in the x-radiograph and 
worm tubes at the top o f the core when retrieved from the canyon depths. 7Be 
activity was low and not detectable below 10 cm. The porosity was relatively 
constant over the upper 40 cm (0.80-0.85). An accumulation rate of 0.77 cm yr'1 
was calculated from the 210Pb data.
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Appendix Cl. Percent total fatty acid concentration in surface sediments (July 14-21st 2003)
Component River SW Pass Bara 1 Bara 2 Bara 3 50-m P 50-m M 80 m 50-m D 95 m 110 m 540 m
12:0 0.38 0 50 0.72 0.83 0.67 0.73 0.90 0.61 0.61 0.61 0.43 0.64
i 13 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0 00 0.00 0.00 0.00
al3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13:1 0.00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13:0 0.36 024 0.32 0.35 0 72 0.40 0.54 0 45 0.55 0.40 0.47 0.34
il4 009 0.38 0.55 0.72 0.40 0.55 0.49 0.33 0.37 0.29 0,26 0.23
14:1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
14:0 3.96 4.13 6.13 6.70 9.70 7.38 8.25 7.08 7 06 7.16 5.98 6.59
■ 15 1.47 2.00 2.43 2.87 1 78 2.28 2.30 1.54 2 10 1.45 1.76 1.10
al5 0.86 1 06 1.62 2.01 1.48 1.86 2.04 1.41 1.72 1.32 I 48 0.87
15:1 0.39 0.19 0.19 0 59 0.12 0.22 0.36 0.21 0.22 0.25 0.37 0.25
15:0 1.74 1.65 2.51 2.78 3.31 2.24 2.53 2.63 2.57 3.05 3.00 1.90
16:4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
16:3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i 16 0.51 0.82 1.11 1.30 1.25 1.18 1.13 0.86 1.06 0.91 0.77 0.52
16:lw5 0.00 1.43 1.12 1.19 0.82 1.36 1.18 1.15 0.97 1.36 1.52 1.51
16:Iw7 7.56 10.56 11.97 11.26 18.26 13 90 13.07 13.12 15.28 12.33 9.42 11.48
16:lw9 1.49 4.28 1.35 1.50 1.32 1.97 1.59 1.67 1.63 1.45 1.73 1.75
16:0 20.93 18.41 21.93 20.60 20.56 19.63 19.76 20.19 19.31 21.14 23.11 20.60
!0M el7br 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i 17 0.48 0.55 0.58 0.66 0.52 0.75 1.15 0.44 0.55 0.39 0.49 0.36
al7 0.41 0.52 0.54 062 0.58 0 61 0.86 0.70 0.91 0.43 0.51 0.36
17:1 0.00 1.18 0.86 0.67 0.48 0.61 0.88 1.00 0.87 0.75 0.75 0.93
17:0 1.54 1.37 1.55 1.64 1.57 1.52 2.09 1.65 1.58 1.53 1.73 1.35
18:4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18:3 0.99 1.26 0.36 0.32 0.64 0.89 0.43 0.45 0.41 0.35 0.47 0.56
18:2 1.30 2.68 1.29 1.10 1.38 1.29 0.82 1.13 1.11 0.93 0.53 0.85
18: lw9c 7.64 8.43 5.96 6.37 5.30 6.71 6 50 7.12 6.76 5.81 3 01 4.49
18:lw9t 6.25 8.37 5.02 5.85 7.02 7.58 7.74 7.18 7.78 6.00 6.39 7.03
18:0 10.41 5.67 6.58 4.80 3.79 6.06 5.03 5.59 6.58 5.69 7.39 7.37
il9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
al9 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19:1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19:0 IS IS IS IS IS IS IS IS IS IS IS IS
20:5w6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00
20:4w6 1.06 1.54 1.78 1.90 3.59 2.83 2.94 3.23 3.14 3 03 2.34 2.44
20:5w3 1.12 1.66 2.58 2.41 4.49 2.98 3.45 3.27 3.37 3.52 1.95 3.61
20:3 0.55 0.09 0 17 0.24 0.40 0.33 0.76 0.34 0.30 0.51 0.45 0.37
20:2 1.18 0.51 0.47 0.22 0.49 0.32 0.41 0.61 0,93 0.26 0.76 0.53
20:lw7 0.44 0.33 0.09 0.16 0.23 0.22 0.37 0.25 0.19 0.47 0.55 0.53
20:0 IS IS IS IS IS IS IS IS IS IS IS IS
21:0 IS IS IS IS IS IS IS IS IS IS IS IS
22:6w6 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:6w3 0.34 0.54 1.82 1.08 1.60 1.33 1.05 1.35 1.12 1.26 1.00 1.73
22:5w6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:5w3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:lw9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00 0.00
22:0 369 3.69 2.86 3.29 1.21 2.20 1.62 2.33 1.35 2.45 2.86 2.85
23:0 1.48 1.36 0.88 0.99 0.38 0.71 0.52 0.84 0.41 0.91 1.02 1.08
24:1 000 0.00 0 00 0.00 0.00 0.32 0.26 0.00 0.28 0.00 0.00 0.00
24:0 7.08 5.21 4.77 4.89 2.21 3.61 2.89 4.08 2.43 4.65 5.36 4.87
25:0 1.35 1.05 1.14 1.18 0.44 0.62 0.57 0.83 0.52 1.00 1.21 1.15
26:0 5.38 3.61 4.24 3.98 1.72 2.18 2.19 2.86 2.09 3.56 4.26 3.79
27:0 1.02 0.63 0.49 0.51 0.31 0.34 0.84 0.53 0.46 0.70 0.93 0.87
28:0 4.50 2.39 2.56 2.74 1.20 1.34 1.47 1.78 1.84 2.47 3.23 2.80
29:0 0.00 0.40 0.00 0.00 0.00 0.20 0.25 0.29 0.43 0.36 0.61 0.63
30:0 2.05 1.34 1.42 1.67 0.07 0.75 0.77 0.91 1.14 1.26 1.89 1.65
31:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32:0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total (ng/g dry wt.) 67841 75035 49767 141836 129420 69532 109372 80716 42340 53477 50248 46918
Total (ng/mg OC) 4007 3771 4799 4395 7568 4212 6573 5536 2630 3668 3907 3145
% Saturated 65.87 51.64 58.12 56.96 47.84 49.91 50.23 52.66 48.92 56.93 63.49 58.49
% Mono Unsaturated 23.78 34.77 26.58 27.59 33.55 32.90 31.95 31.69 33.98 28.42 23.74 27.96
% Poly Unsaturated 6.54 8.27 8.47 7.27 12.59 9.96 9.86 10.38 10.38 9.85 7.50 10.09
% Branched 3.82 5.32 6.83 8.18 6.01 7.22 7.96 5.27 6.72 4.80 5.27 3.46
corrected by: 2.52 1.73 2.26 2.17 1.79 1.82 1.88 1.52 1.77 2.11 2.53 2.15
A ppendix C2. Percent total fatty acid concentration in repeated surface sedim ents (extracted M ay 2005)
Component SW Pass 540 m 50-m M 50-m P
12:0 0.40 0.25 0.26 0.50
13:0 0.22 0.19 0.21 0.37
i 14 1.08 0.55 0.76 0.92
14:1 0.11 4.24 0.00 0.00
14:0 3.71 3.41 5.13 6.77
i 15 5.52 2.33 3.69 4.79
al5 3.22 0.17 3.41 4.79
15:1 0.13 1.34 0.06 0.12
15:0 1.53 1.74 1.76 2.29
16:4 0.00 0.00 0.00 0.00
16:3 0.00 0.00 0.00 0.00
16:2 0.00 0.00 0.00 0.00
il 6 0.31 1.03 1.57 2.31
16:lw5 2.22 0.99 0.82 0.77
16:lw7 11.86 10.65 9.96 13.24
16:lw9 4.71 2.00 1.63 1.80
16:0 16.46 17.75 21.28 17.52
10Mel7br 0.00 0.00 0.00 0.00
il 7 1.55 0.77 1.08 1.27
al7 1.51 1.04 1.67 2.23
17:1 1.15 0.95 0.58 0.85
17:0 1.49 2.18 2.28 1.65
18:4 0.00 0.00 0.00 0.00
18:3 1.20 0.28 0.17 0.37
18:2 1.45 1.05 0.41 1.22
18:lw9c 6.94 4.77 5.41 4.74
18:lw9t 8.36 8.27 10.42 7.31
18:0 4.56 9.15 12.02 3.72
il 9 0.00 0.00 0.00 0.00
al9 0.00 0.00 0.00 0.00
19:1 0.00 0.00 0.00 0.00
19:0 2.92 3.99 3.09 2.88
20:5w6 0.00 0.00 0.00 0.00
20:4w6 1.06 2.09 1.02 3.01
20:5w3 0.71 1.57 0.95 2.91
20:3 0.00 0.00 0.14 0.46
20:2 0.00 0.35 0.15 0.27
20:lw7 0.28 0.29 0.20 0.23
20:0 3.82 4.48 3.96 3.70
21:0 3.16 4.00 3.55 3.33
22:6w6 0.00 0.00 0.00 0.00
22:6w3 0.24 1.17 0.49 1.62
22:5w6 0.00 0.00 0.00 0.00
22:5w3 0.00 0.00 0.00 0.00
22:2 1.58 7.65 0.00 0.00
22:lw9 0.00 0.11 0.00 0.00
22:0 3.05 1.99 1.78 1.87
23:0 1.11 0.82 0.66 0.62
24:1 0.21 0.10 0.32 0.44
24:0 4.65 3.52 3.20 3.44
25:0 0.00 0.00 0.68 0.66
26:0 3.43 2.72 2.65 2.46
28:0 2.22 1.49 1.88 1.42
30:0 1.06 0.63 0.89 0.68
32:0 0.71 0.41 0.44 0.34
Total (ng/g dry wt.) 79504 54345 98836 110515
Total (ng/mg OC) 3995 3642 5940 6694
% Saturated 44.61 46.25 44.33 55.10
% Mono Unsaturated 35.96 33.71 29.51 29.39
% Poly Unsaturated 6.25 14.15 9.86 3.33
% Branched 13.18 5.89 16.31 12.18
corrected by : none needed
Appendix C3. Percent total fatty acid concentration in additional surface sediments (Sept. 2004)
Component inner marsh marsh marsh mud H8 H9 H10
12:0 0.67 0.66 0.79 0.62 0.42 0.47
i 13 0.00 0.00 0.00 0.00 0.00 0.00
al3 0.00 0.00 0.00 0.00 0.00 0.00
13:1 0.00 0.00 0.00 0.00 0.00 0.00
13:0 0.20 0.67 0.22 0.15 0.12 0.23
i 14 1.27 2.54 0.97 0.35 0.30 0.49
14:1 0.19 0.13 0.06 0.00 0.00 0.00
14:0 2.84 3.35 3.30 3.96 4.08 5.22
i 15 3.72 4.65 2.92 1.66 0.17 2.49
al5 3.33 4.86 2.87 1.54 1.72 2.22
15:1 0.60 1.06 0.42 0.00 0.00 0.00
15:0 1.37 1.52 1.63 1.12 1.60 1.69
16:4 0.00 0.00 0.00 0.00 0.00 0.00
16:3 0.00 0.00 0.00 0.00 0.00 0.00
16:2 0.00 0.00 0.00 0.00 0.00 0.00
i 16 1.88 3.42 1.63 0.82 0.87 1.22
16:lw5 0.45 0.00 0.40 0.00 0.00 0.00
16:lw7 5.63 3.56 3.05 5.86 7.17 8.80
16:lvv9 5.69 1.50 0.43 0.88 0.68 1.13
16:0 21.00 14.52 13.88 35.26 36.25 33.77
10Mel7br 0.00 0.00 0.00 0.00 0.00 0.00
il 7 1.17 1.24 0.82 0.59 0.65 0.78
al7 1.14 1.42 1.35 0.80 0.82 1.07
17:1 1.25 1.07 0.49 0.40 0.25 0.33
17:0 1.22 1.40 2.01 0.86 1.12 0.96
18:4 0.00 0.00 0.00 0.00 0.00 0.00
18:3 0.00 0.00 0.13 0.00 0.00 0.00
18:2 2.09 2.16 0.43 1.65 0.00 0.00
18:lw9c 4.48 3.92 3.69 3.72 3.60 3.97
18:lw9t 4.43 5.98 3.57 2.97 3.47 3.57
18:0 4.02 4.44 6.24 25.53 25.01 18.61
i 19 0.00 0.00 0.00 0.00 0.00 0.00
al9 0.00 0.00 0.00 0.00 0.00 0.00
19:1 0.00 0.00 0.00 0.00 0.00 0.00
19:0 IS IS IS IS IS IS
20:5w6 0.00 0.00 0.00 0.00 0.00 0.00
20:4w6 0.46 1.63 0.84 0.85 0.87 1.26
20:5w3 0.00 0.00 0.34 0.66 1.07 1.26
20:3 0.00 0.00 0.00 0.00 0.00 0.00
20:2 1.35 1.39 0.65 0.00 0.00 0.00
20:lw7 0.21 0.37 0.13 0.19 0.13 0.16
20:0 IS IS IS IS IS IS
21:0 IS IS IS IS IS IS
22:6w6 0.00 0.00 0.00 0.00 0.00 0.00
22:6w3 0.64 0.72 0.34 0.27 0.35 0.27
22:5w6 0.00 0.00 0.00 0.00 0.00 0.00
22:5w3 0.00 0.00 0.00 0.00 0.00 0.00
22:2 1.72 2.98 9.37 0.00 0.00 0.00
22:lw9 0.91 1.18 2.70 0.00 0.00 0.00
22:0 4.86 6.01 4.64 1.51 1.44 1.59
23:0 1.85 2.09 1.95 0.55 0.54 0.62
24:1 0.19 0.00 0.20 0.00 0.00 0.00
24:0 7.57 8.51 8.70 2.87 2.75 3.15
25:0 1.14 0.00 2.32 0.00 0.00 0.00
26:0 3.82 4.23 7.23 2.31 2.32 2.53
28:0 2.81 3.19 4.48 1.45 1.49 1.48
30:0 2.70 2.61 3.13 0.62 0.73 0.69
32:0 1.13 1.01 1.66 0.00 0.00 0.00
Total (ng/g dry wt.) 126050 130151 30020 93032 89575 79557
Total (ng/mg OC) 2970 1817 2934 8255 7810 7252
% Saturated 57.21 54.20 62.16 76.80 77.87 71.00
% Mono Unsaturated 24.03 18.77 15.16 14.01 15.31 17.96
% Poly Unsaturated 6.25 8.88 12.11 3.43 2.28 2.79
% Branched 12.51 18.15 10.57 5.75 4.54 8.25
corrected by: 1.64 1.21 1.39 1.95 1.72 1.49
A pp en d ix  C4. P ercent total fatty acid concentration  in SW  Pass dow n-core sedim ents
Component 1-2 cm 3-4 cm 6-7 cm 9-10 cm
12:0 0.33 0.38 0.38 0.36
i 13 0.00 0.00 0.00 0.00
al3 0.00 0.00 0.00 0.00
13:1 0.00 0.00 0.00 0.00
13:0 0.19 0.21 0.20 0.19
i!4 0.93 1.00 0.96 0.95
14:1 0.00 0.00 0.00 0.00
14:0 3.47 3.53 3.40 3.47
i 15 4.72 5.04 4.83 4.70
al5 2.77 2.90 2.74 2.67
15:1 0.07 0.14 0.10 0.13
15:0 1.35 1.45 1.39 1.38
16:4 0.00 0.00 0.00 0.00
16:3 0.00 0.00 0.00 0.00
16:2 0.00 0.00 0.00 0.00
il6 1.78 1.92 1.79 1.76
16:lw5 1.29 1.54 1.37 1.37
16:lw7 10.39 10.88 10.18 9.95
16:lw9 4.59 5.03 4.86 4.64
16:0 15.45 15.37 15.91 16.79
10Mel7br 0.00 0.00 0.00 0.00
117 1.13 1.25 1.26 1.20
al7 0.98 0.91 0.88 0.74
17:1 1.22 1.17 0.98 0.83
17:0 1.09 1.27 1.43 1.35
18:4 0.00 0.00 0.00 0.00
18:3 1.56 1.35 1.55 1.39
18:2 2.61 2.62 2.98 2.66
18:lw9c 7.00 6.60 7.06 6.61
18:lw9t 7.31 7.29 8.12 7.64
18:0 4.92 4.06 4.80 4.63
il9 0.00 0.00 0.00 0.00
al9 0.00 0.00 0.00 0.00
19:1 0.00 0.00 0.00 0.00
19:0 IS IS IS IS
20:5w6 0.00 0.00 0.00 0.00
20:4w6 2.13 2.19 2.03 2.12
20:5w3 1.98 1.96 1.68 1.55
20:3 0.00 0.00 0.00 0.00
20:2 0.00 0.00 0.00 0.00
20:lw7 0.26 0.26 0.33 0.20
20:0 IS IS IS IS
21:0 IS IS IS IS
22:6w6 0.00 0.00 0.00 0.00
22:6w3 0.39 0.66 0.58 0.23
22:5w6 0.00 0.00 0.00 0.00
22:5w3 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00
22:lw9 0.00 0.00 0.00 0.00
22:0 2.96 3.15 3.08 3.76
23:0 1.20 1.28 1.25 1.42
24:1 0.27 0.17 0.24 0.14
24:0 4.95 5.12 5.00 5.68
25:0 0.98 0.99 0.93 1.00
26:0 3.70 3.58 3.33 3.83
27:0 0.00 0.00 0.00 0.00
28:0 3.09 2.53 2.27 2.60
29:0 0.00 0.00 0.00 0.00
30:0 2.09 1.46 1.31 1.30
31:0 0.00 0.00 0.00 0.00
32:0 0.86 0.76 0.81 0.75
Total (ng/g dry wt.) 91571 70517 86436 84613
Total (ng/mg OC) 4732 3638 5320 4421
% Saturated 46.61 45.14 45.46 48.51
% Mono Unsaturated 32.40 33.08 33.25 31.53
% Poly Unsaturated 8.67 8.78 8.83 7.95
% Branched
corrections
12.32
1.20
13.01
1.24
12.46
1.12
12.02
12-14 cm 16-18 cm 22-24 cm 30-32 cm 36-38 cm 42-46 cn
0.40 0.58 0.36 0.56 0.39 0.53
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.21 0.20 0.19 0.20 0.25 0.20
0.98 0.95 0.97 0.92 0.61 0.93
0.00 0.00 0.00 0.00 0.00 0.00
3.43 3.40 3.45 3.41 3.53 3.92
4.89 4.83 5.20 4.48 3.40 4.71
2.73 2.66 2.83 2.66 3.14 4.49
0.16 0.16 0.12 0.21 0.36 0.14
1.37 1.32 1.42 1.22 1.83 1.73
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
1.78 1.69 1.82 1.71 1.62 2.09
1.29 1.15 0.81 1.27 0.79 0.88
10.34 9.64 10.95 9.18 6.47 8.61
4.74 4.37 4.58 4.10 1.77 2.25
15.34 15.53 17.59 15.23 18.45 16.81
0.00 0.00 0.00 0.00 0.00 0.00
1.25 1.16 1.27 1.13 1.21 1.40
0.95 0.84 0.77 0.79 1.15 1.44
1.22 1.06 1.07 0.93 0.59 0.82
1.21 1.26 1.25 1.14 2.95 1.72
0.00 0.00 0.00 0.00 0.00 0.00
1.54 1.43 1.14 1.05 0.32 0.34
2.53 3.44 2.74 2.78 2.18 1.29
6.50 6.51 6.67 6.24 7.28 5.60
7.13 7.13 7.60 6.16 5.85 4.87
3.85 4.23 4.11 3.80 8.81 4.80
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
IS IS IS IS IS IS
0.00 0.00 0.00 0.00 0.00 0.00
2.00 2.02 1.94 1.87 1.17 1.56
1.58 1.54 1.57 1.49 0.93 1.26
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.26 0.23 0.27 0.23 0.16 0.22
IS IS IS IS IS IS
IS IS IS IS IS IS
0.00 0.00 0.00 0.00 0.00 0.00
0.23 0.26 0.64 0.21 0.00 0.37
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 . 0.00 0.00 0.00 0.00
3.61 3.80 3.36 4.39 3.08 4.29
1.45 1.37 1.28 1.66 1.47 1.94
0.14 0.14 0.11 0.16 0.00 0.29
5.80 5.59 4.96 5.88 6.40 8.23
1.11 1.04 0.97 1.31 1.47 1.66
4.07 4.03 3.51 5.13 5.51 5.26
0.00 0.00 0.00 0.00 0.00 0.00
3.09 3.30 2.32 4.71 4.15 2.86
0.00 0.00 0.00 0.00 0.00 0.00
2.08 2.45 1.32 3.16 1.92 1.41
0.00 0.00 0.00 0.00 0.00 0.00
0.73 0.73 0.83 0.60 0.78 1.09
76160 73565 55459 49781 53132 32675
4164 4340 4809 3701 4055 2374
47.76 48.79 46.93 52.42 61.00 56.44
31.78 30.40 32.17 28.49 23.26 23.68
7.88 8.69 8.03 7.40 4.60 4.82
12.58 12.12 12.88 11.69 11.14 15.05
1.06 1.12
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A p p en d ix  C6. P ercent total fa tty  acid  con cen tration  in 50  m P roxim al dow n-core sed im ents
Component 2-3 cm 5-6 cm 7-8 cm 10-12 cm 16-18 cm 20-22 cm 24-26 cm 30-34 cm 38-42 cm 46-48 cn
12:0 0.34 0.50 0.36 0.56 0.25 0.33 0.43 0.56 0.28 0.70
i 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
al3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13:1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13:0 0.39 0.24 0.19 0.34 0.35 0.34 0.46 0.19 0.22 0.37
i 14 0.64 0.71 0.71 0.74 0.46 0.47 0.56 0.00 0.50 0.00
14:1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14:0 3.98 4.96 4.00 4.02 2.84 2.84 3.46 3.29 3.30 2.34
i 15 3.50 3.26 3.85 3.91 3.17 3.08 3.06 3.31 2.71 2.55
al5 3.59 3.48 4.11 4.22 3.50 3.38 3.59 3.88 3.14 3.04
15:1 0.25 0.14 0.22 0.09 0.00 0.00 0.28 0.14 0.00 0.38
15:0 1.91 2.03 2.23 1.96 1.46 1.45 1.36 1.50 1.22 1.37
16:4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
il6 1.76 1.72 1.95 1.89 1.72 1.67 1.54 1.82 1.50 1.70
16:lw5 0.93 0.82 0.99 0.81 0.67 0.52 0.47 0.70 0.62 0.00
16:lw7 9.69 8.30 8.58 7.34 6.12 4.54 5.47 4.91 3.83 3.93
16:lw9 1.62 1.45 1.66 1.53 1.21 0.98 1.12 1.00 1.18 0.51
16:0 15.60 19.12 16.04 15.35 15.83 14.95 19.50 15.05 19.29 15.86
10Mel7br 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i 17 1.13 0.97 1.26 1.32 1.27 1.27 1.18 1.24 1.07 1.58
al7 1.88 1.75 2.18 2.10 1.98 1.87 1.83 1.94 1.63 2.19
17:1 0.78 0.65 0.82 0.73 0.51 0.70 0.68 0.59 0.62 0.00
17:0 1.66 1.72 1.89 1.79 1.77 1.71 1.54 1.87 1.61 1.54
18:4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18:3 0.36 1.25 0.43 0.46 0.56 0.55 0.41 0.45 0.64 0.00
18:2 5.58 6.73 2.50 1.62 3.38 5.20 1.59 4.12 0.82 1.94
18:lw9c 6.00 6.54 5.86 5.77 7.14 7.34 7.54 6.44 5.82 10.37
18:lw9t 5.22 0.38 5.03 4.72 5.53 4.94 6.80 5.36 5.19 5.72
18:0 4.77 9.95 4.58 4.73 6.14 5.26 13.03 5.28 12.16 6.14
119 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
al9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19:1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19:0 3.63 2.68 3.77 4.13 3.87 4.89 2.70 4.38 4.37 6.00
20:5w6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20:4w6 2.83 2.06 2.25 1.37 1.11 1.24 0.99 1.09 0.90 0.91
20:5w3 2.46 2.13 1.86 1.08 0.95 1.50 1.43 0.85 0.85 1.08
20:3 0.24 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20:2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20:lw7 0.14 0.12 0.12 0.11 0.25 0.18 0.27 0.15 0.23 0.25
20:0 5.29 4.20 5.92 6.48 6.53 8.42 5.28 9.75 7.63 9.79
21:0 7.69 4.45 5.65 6.40 5.95 8.84 9.23 4.08 7.79 30.38
22:6w6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:6w3 1.68 1.63 0.77 0.54 0.52 0.45 0.46 0.37 0.00 0.00
22:5w6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:5w3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:lw9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22:0 2.67 2.34 3.28 3.57 3.40 3.85 2.60 4.38 3.65 4.85
23:0 1.20 1.07 1.53 1.68 1.61 1.79 0.00 1.96 1.60 2.21
24:1 0.39 0.27 0.24 0.33 0.00 0.22 0.35 0.28 0.00 0.00
24:0 5.75 4.94 7.08 7.86 7.78 8.24 5.19 9.29 7.67 10.04
25:0 0.00 0.00 0.00 1.93 1.98 2.27 0.00 0.00 1.89 0.00
26:0 4.60 3.60 5.63 6.68 7.03 7.36 4.44 8.58 6.88 8.55
28:0 0.00 2.48 4.15 4.79 5.29 5.35 3.25 6.09 4.85 6.24
30:0 3.44 1.44 2.28 2.57 2.83 2.85 1.77 3.32 2.67 3.61
32:0 0.00 0.93 1.39 1.49 1.38 1.30 3.33 0.00 1.44 0.00
Total (ng/g dry wt.) 57359 48899 22674 23008 24659 20492 40308 22385 22477 24734
Total (ng/mg OC) 3711 3351 1559 1656 1779 1405 2737 1411 1674 1797
% Saturated 49.32 55.31 54.63 59.32 59.95 59.91 60.36 61.36 68.75 63.83
% Mono Unsaturated 25.03 18.66 23.51 21.43 21.43 19.42 22.99 19.57 17.48 21.16
% Poly Unsaturated 13.15 14.14 7.81 5.07 6.52 8.94 4.88 6.89 3.22 3.94
% Branched 12.50 11.89 14.06 14.18 12.11 11.73 11.77 12.19 10.55 11.07
corrected by: 1.26 1.08 2.04 1.07 1.06 3.02
Appendix C7. Percent total fatty acid concentration in Kasten 50 m Proximal down-core sediments
Component 20-22 cm 90-92 cm
12:0 0.71 0.68
13:0 0.31 0.31
i 14 0.83 0.92
14:1 0.00 0.00
14:0 4.90 4.36
i 15 3.22 3.32
al5 3.52 3.71
15:1 0.00 0.00
15:0 1.65 1.56
16:4 0.00 0.00
16:3 0.00 0.00
16:2 0.00 0.00
i 16 1.53 1.84
16:lw5 0.00 0.37
16:lw7 3.28 2.20
16:lw9 0.74 0.53
16:0 18.44 16.40
10Mel7br 0.00 0.00
il7 1.25 1.26
al7 1.70 1.82
17:1 0.44 0.24
17:0 2.01 1.58
18:4 0.00 0.00
18:3 0.33 0.31
18:2 0.00 0.00
18:lw9c 5.44 4.92
18:lw9t 5.64 1.92
18:0 9.03 7.07
i 19 0.00 0.00
al9 0.00 0.00
19:1 0.00 0.00
19:0 IS IS
20:5w6 0.00 0.00
20:4w6 0.42 0.73
20:5w3 0.00 0.00
20:3 0.00 0.00
20:2 0.00 0.00
20:lw7 0.09 0.19
20:0 IS IS
21:0 IS IS
22:6w6 0.00 0.00
22:6w3 0.29 0.47
22:5w6 0.00 0.00
22:5w3 0.00 0.00
22:2 3.15 1.17
22:lw9 0.00 1.74
22:0 4.05 6.75
23:0 1.68 2.38
24:1 0.00 0.00
24:0 7.77 10.85
25:0 1.88 2.22
26:0 6.88 7.37
28:0 4.99 5.33
30:0 2.50 3.42
32:0 1.32 2.08
Total (ng/g dry wt.) 21227 10936
Total (ng/mg OC) 1648.06 767.45
% Saturated 68.11 72.36
% Mono Unsaturated 15.64 12.09
% Poly Unsaturated 4.19 2.68
% Branched 12.06 12.87
corrected by: 1.25
100-102 110-112 140-142 190-192
0.74 0.56 0.62 0.89
0.36 0.26 0.26 0.37
0.63 0.50 0.66 0.71
0.00 0.00 0.00 0.00
4.14 4.00 4.74 4.92
2.35 1.91 2.72 2.60
2.70 2.25 3.00 2.78
0.00 0.00 0.00 0.00
1.54 1.34 1.64 1.77
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
1.33 1.05 1.49 1.56
0.00 0.00 0.00 0.00
1.28 1.46 1.47 1.74
0.27 0.35 0.36 0.00
16.07 19.90 19.00 17.62
0.00 0.00 0.00 0.00
1.03 0.89 1.23 1.24
1.33 1.28 1.71 1.70
0.00 0.00 0.38 0.00
1.59 1.75 1.91 1.81
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
4.29 5.43 3.94 4.56
1.49 5.70 1.18 1.34
7.21 13.72 8.89 8.14
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
IS IS IS IS
0.00 0.00 0.00 0.00
0.69 0.42 0.62 0.79
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.15 0.18 0.22
IS IS IS IS
IS IS IS IS
0.00 0.00 0.00 0.00
0.43 0.32 0.32 0.52
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
2.46 0.94 4.20 0.00
0.00 0.55 1.83 0.00
6.15 4.92 6.41 6.31
2.58 2.01 2.29 2.70
0.00 0.00 0.00 0.00
11.88 9.15 9.99 11.74
3.08 2.28 2.29 2.92
10.81 7.70 7.62 9.06
7.45 5.01 5.12 6.05
3.96 2.72 2.59 3.71
2.16 1.49 1.33 2.24
8240 13454 7026 9342
730.50 1191.67 653.01 849.30
79.72 76.81 74.71 80.25
7.34 13.63 9.35 7.85
3.58 1.68 5.14 1.31
9.37 7.88 10.80 10.59
1.13 2.48
200-202 210-212 270-272 280-282
0.46 0.76 0.80 0.71
0.11 0.31 0.25 0.29
0.45 0.91 0.55 0.47
0.00 0.00 0.00 0.00
3.53 3.98 3.59 3.76
1.83 2.12 2.57 1.66
1.70 2.29 2.03 1.96
0.00 0.00 0.00 0.00
1.79 1.55 1.38 1.33
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.98 1.37 1.22 1.11
0.00 0.00 0.00 0.00
3.01 1.22 1.52 1.28
0.00 0.00 0.34 0.30
26.27 18.23 17.44 16.37
0.00 0.00 0.00 0.00
0.89 0.80 1.21 0.83
1.44 1.27 1.34 1.22
0.00 0.12 0.12 0.00
2.79 2.06 2.27 2.28
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
4.28 3.93 3.10 4.44
1.44 2.96 1.21 2.05
19.57 12.26 8.41 9.45
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
IS IS IS IS
0.00 0.00 0.00 0.00
0.54 0.54 0.51 0.73
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.32 0.17 0.25 0.23
IS IS IS IS
IS IS IS IS
0.00 0.00 0.00 0.00
0.29 0.38 0.36 0.40
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 6.05 9.41 7.67
0.00 3.36 6.31 5.83
4.97 5.60 5.68 4.97
1.92 1.89 2.26 2.19
0.00 0.00 0.00 0.00
7.46 8.46 8.87 9.08
5.25 2.01 2.15 2.40
3.84 6.32 6.49 7.70
0.29 4.47 4.53 5.00
2.76 2.90 2.52 2.78
1.80 1.70 1.32 1.52
6946 11576 9410 7848
982.42 923.88 903.06 791.97
82.82 72.51 67.95 69.84
9.06 11.76 12.85 14.12
0.83 6.97 10.28 8.79
7.29 8.76 8.92 7.25
1.18
Appendix D l. Percent total alcohol and sterol concentration in surface sediments (July 14 - 21, 2003)
Components River SW Pass Bara 1 Bara 2 Bara 3 50-m P
Alcohols: C140H IS IS IS IS IS IS
br 15 3.92 5.88 4.04 5.47 1.64 4.58
br 15 0.52 0.68 1.13 1.54 0.69 3.07
CI50H 1.25 2.02 2.02 3.03 1.31 2.34
br 16 1.71 1.57 1.38 2.00 1.37 2.58
16:1 3.46 2.57 0.00 0.00 0.00 0.00
16:01 1.12 0.99 2 61 2.41 1.46 4.35
C160H 7.14 9.26 11 74 12.15 8.31 9.33
br 17 0.00 1.28 1.56 2.07 1.49 2.56
br 17 0.00 1.09 0.92 1.12 1.70 1.92
C170H 2.29 2.40 3.10 3,63 2.29 2.95
C180H 4.11 6.16 7.73 6.18 5.63 3.52
Phvtol 64.57 55.65 50.71 46.66 67.58 50.54
C190H IS IS IS IS IS IS
C20OH 2.00 2.51 3.78 3.52 2.25 0.00
C210H 0.69 1.47 0.81 0.70 1.19 0.00
C220H 0.00 1.03 0.71 2.34 0.42 3.88
C240H 5.09 3.28 2.16 1.80 1.66 0.00
C260H 2.13 2.15 2.64 1.18 1.01 4.91
C280H 0.00 0.00 2.97 4.19 0.00 3.47
C30OH 0.00 98 89 0.00 0.00 0.00 0.00
androstanol IS IS IS IS IS IS
Sterols: 5a cholestane IS IS IS IS IS IS
unknown 1 0.00 0.00 0.00 0.00 0.00 0.00
24-norchlolesta-5.22-dien-3b-ol 0.62 0.64 1.64 1.80 1.76 2.09
24-nor-5a-cholesta-22-en-3b-ol 1.53 0.82 0.69 0.76 0.56 0.61
5b-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
5b-cholestan-3a-ol 0.00 0.00 0.00 0.00 0.00 0.00
cholesta-5,22-dicn-3b-ol 3.58 4.91 4.12 5.69 7.31 7.40
5a(H)-cholest-22-en-3b-ol 4.44 1.88 1.62 1.75 2.05 1.57
cholest-5-en-3b-ol 8.82 14.98 13.35 13.31 14.20 18.17
5a-cholestan-3b-ol 11.89 5.90 7.80 5.72 6.32 4.45
24-methylcholesta-5,22-dien-3b-ol 5 04 7.28 7.56 9.01 8.67 9.66
24-methylcholest-22-en-3b-ol 4.55 2.50 4.09 3.65 2.84 2.56
cholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
24-methylcholesta-5,24(28)-ol 2.34 4.18 3.83 3.86 7.53 8.54
24-methylcholest-5-en-3b-ol 9.16 8.44 7.94 8.98 6.84 7.13
24-methylcholestan-3b-ol 4.48 2.64 2.77 0.00 1.39 0.00
23,24-dimethylcholesta-5,22-dien-3b-ol 0.00 0.00 0.00 3.21 0.00 2.39
24-ethylcholesta-5,22-dien-3b-ol 8.37 9 85 8.11 6.42 7.62 3.66
23,24-dimethyl-5a(H)-cholest-22-en-3b-ol 0.00 0.00 0.00 2.51 0.00 4.13
24-ethyl-5a(H)-cholest-22-en-3b-ol 3.39 1.67 3.62 2.89 2.98 1.66
4-methyl-C29-D22-stanol 0.00 0.00 0.00 0.00 0.00 0.00
24-methycholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
unknown 5 0.00 0.00 0.00 0.00 0.00 0.00
24-ethylcholest-5-en-3b-ol 20.44 26.12 16.77 17 78 18.07 17.99
24-ethyl-5a(H)-cholest-3b-ol 10.46 5.78 7.58 5.62 4.83 3.96
24-ethylcholesta-5,24(28)-dien-3b-ol 0.00 0.00 2.71 2.03 1.95 1.36
4a,23,24-trimethylcholest-5,22-dien-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-22-en-3b-ol 0.88 2.40 5.80 5.00 5.07 1.88
24-ethylcholestan-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
5a(H)-C29 stenol (possibly D7or D8) 0.00 0.00 0.00 0.00 0.00 0.00
4a,23,24-tnmethyl-5a(H)-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.80
unknown 7 0.00 0.00 0.00 0.00 0.00 0.00
hopan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
unknown 8 0.00 0.00 0.00 0.00 0.00 0.00
extended hopanol 0.00 0.00 0.00 0.00 0.00 0.00
Total Alcohols ng/g dry weight 3432 2664 1361 4235 9049 4396
Total Alcohols ng/mg OC 203 134 131 131 529 266
Total Sterols ng/g dry weight 10872 10605 4591 18269 19017 45769
Total Sterols ng/mg OC 642 533 443 566 1112 2772
% C27 Sterols 28.73 27.67 26.88 26.47 29.89 31.58
% C28 Sterols 25.58 25.04 26.19 25.50 27.28 27.89
% C29 Sterols 42.66 43.43 38.80 40.47 35.44 35.15
C30 Sterols 0.88 2.40 5.80 5.00 5.07 2.68
% Hopanols 0.00 0.00 0.00 0.00 0.00 0.00
corrected by: 1.72 1.70 1.21 1.38 1.41 3.80
Appendix Dl.-cont.
50-m M 80 m________50-m D_______ 95 m______ 110 m 540 m
IS IS IS IS IS IS
4.43 3.84 1.71 2.82 2.97 3.91
4.46 1.56 3.48 ISO 0.81 1.08
4.15 2.09 2.17 1.55 1.31 1.36
5.83 1.71 3.66 1.67 0.00 1.38
3.79 2.42 2.92 3.59 0.00 0.00
4.05 0.69 4.60 0.57 0.00 0.92
7.01 8.63 8.08 8.48 8.62 11.22
3.50 0.97 2.84 0.72 0.00 1.58
4.71 1.35 2.54 1.05 0.00 0.00
3.56 2.74 3 12 2.21 3.00 2.62
4.07 5.50 4.01 7.20 8.56 9.39
28.20 61.05 51.59 58.76 58.03 52.81
IS IS IS IS IS IS
0.00 2.66 0.00 3.17 3.77 4.35
0.00 0.76 0.00 0.97 1.69 1.32
5.84 0.82 3.90 1.30 3.26 1.82
0.00 2.12 0.00 2.69 4.68 3.67
10.45 1.10 5.38 1.46 3.29 2.57
5.94 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
IS IS IS IS IS IS
IS IS IS IS IS IS
0.00 0.00 0.00 0.00 0.00 0.00
1.88 1.49 1.75 1.39 1.46 1.28
0.68 0.62 0.63 0.55 0.58 0.58
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
7.69 6.90 7.35 6.60 7.42 7.30
2.19 2.03 2.16 1.91 2.31 2.06
15.14 15.59 16.16 13.84 13.92 19.03
5.76 5.31 4.97 4.59 4.93 4.49
9.86 9.85 9.73 9.84 10.39 9.24
3.35 3.32 3.27 3.21 3.65 3.96
0.00 0.00 0.00 0.00 0.00 0.00
7.02 6.25 7.59 7.21 5.51 5.50
5.75 6.40 7.77 4.97 2.65 3.86
0.00 0.00 0.00 0.00 0.00 0.00
2.88 2.66 2.87 2.85 3.01 3.36
3.18 5.87 8.12 4.27 6.38 4.93
6.25 2.34 0.00 3.96 3.00 4.06
1.95 1.94 1.90 2.36 1.92 2.63
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
17.74 18.30 16.45 18.44 18.99 15.22
3.24 5.56 4.33 5.19 5.45 5.51
1.81 0.00 2.70 1.65 1.97 0.00
0.00 0.00 0.00 0.00 0.00 0.00
2.55 4.57 2.25 5.66 5.74 5.62
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
1.09 0.99 0.00 1.51 0.73 1.37
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
1804 2829 1440 2849 1737 1765
108 194 102 195 135 118
25091 13903 11638 11071 7595 8396
1508 954 825 759 591 563
30.77 29.84 30.64 26.94 28.58 32.88
25.98 25.82 28.36 25.23 22.19 22.56
37.05 36.67 36.37 38.71 40.72 35.71
3.64 5.57 2.25 7.17 6.47 6.99
0.00 0.00 0.00 0.00 0.00 0.00
1.41 1.50 1.84 2.04 1.39 1.94
Appendix D2. Percent total alcohol and sterol concentration in repeated surface sediments (extracted June 2005)
Components SWP 540 m 50-m M 50-m P
Alcohols: C140H IS IS IS IS
br 15 2.82 2.04 2.31 3.14
br 15 0.54 0.79 1.63 1.42
C150H 1 37 0 80 1.27 1.77
br 16 000 0.00 0.00 0.00
16:1 0.00 0.00 0.00 0.00
16:01 0.00 0.00 0.00 0.00
C160H 6.15 4.07 5.40 8.71
br 17 1.07 0.00 0.76 1.39
br 17 0.66 0.00 0.82 1.14
C170H 1.17 0,57 0.92 1.74
C180H 4.43 4.53 2.74 5 49
Phytol 67.26 71.35 75.15 57,18
C190H IS IS IS IS
C20OH 2.23 3.73 2.06 0.00
C210H 0.00 0.00 0.00 0.00
C220H 5.50 6.95 3,99 8.43
C240H 3.29 3 11 1.19 481
C260H 2.26 0.98 0.94 3,51
Sterols: C280H 0.00 0.00 0.00 0.00
C30OH 1.24 1 09 0.82 1.26
androstanol IS IS IS IS
5a cholestane IS IS IS IS
unknown 1 0.00 0.00 0.00 0.00
24-norchlolesta-5,22-dien-3b-ol 0.45 0.26 1.44 1.42
24-nor-5a-cholesta-22-en-3b-ol 0.00 0.00 0.51 0.61
5b-cholestan-3b-ol 0.00 0.00 0.00 0.00
5b-cholestan-3a-ol 0.00 0.00 0.00 0.00
cholesta-5,22-dien-3b-ol 4.41 6.95 6.41 5.19
5a( H)-cho lest-22-en-3b-ol 2.39 2.59 2.17 2.53
cholest-5-en-3b-ol 14.21 15.18 13.06 12.79
5a-cholestan-3b-ol 6.08 5.56 5.58 6.34
24-methylcholesta-5,22-dien-3b-ol 6.54 10.74 8.79 7.83
24-methylcholest-22-en-3b-ol 3.33 4.09 3.28 3.34
cholest-7-en-3b-ol 0.00 0.00 0.00 0.00
24-methylcholesta-5,24(28)-ol 2.55 6.51 7.73 5.69
24-methylcholest-5-en-3b-ol 10.02 4.56 5.21 6.70
24-methyl-5a(H)-cholestan-3b-ol 3.12 0.00 0.00 2.57
23,24-dimethyIcholesta-5,22-dien-3b-ol 0.00 3.47 2.65 2.42
24-ethylcholesta-5,22-dien-3b-oI 8.52 8.37 2.30 6.50
23,24-dimethyl-5a(H)-cholest-22-en-3b-ol 0.00 0.00 4.92 2.26
24-ethyl-5a(H)-cholest-22-en-3b-ol 2.52 0.00 2.35 1.27
4-methyl-C29-D22-stanol 0.00 0.00 0.00 0.00
24-methycholest-7-en-3 b-ol 0.00 0.00 0.00 0.00
unknown 5 0.00 0.00 0.00 0.00
24-ethy!cholest-5-en-3b-ol 23.79 16.15 17.04 16.14
24-ethyl-5a(H)-cholest-3b-ol 10.02 5.00 5.69 5.43
24-ethylcholesta-5,24(28)-dien-3b-ol 0.00 0.00 4.10 4.81
4a,23,24-tnmethylcholest-5,22-dien-3b-ol 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-22-en-3b-ol 2.05 10.55 6 76 6.16
24-ethylcholestan-7-en-3b-ol 0.00 0.00 000 0.00
5a(H)-C29 stenol (possibly D7or D8) 0.00 0.00 0.00 0.00
4a,23,24-tnmethyl-5a(H)-cholestan-3b-ol 0.00 0.00 0.00 0.00
unknown 7 0.00 0.00 0.00 0.00
hopan-3b-ol 0.00 0.00 0.00 0.00
unknown 8 0.00 0.00 0.00 0.00
extended hopanol 0.00 0.00 0.00 0.00
Total Alcohols ng/g dry weight 3561 3984 8519 4297
Total Alcohols ng/mg OC 179 267 512 289
Total Sterols ng/g dry weight 11355 12574 23755 18050
Total Sterols ng/mg OC 571 843 1428 1214
% C27 Sterols 27.09 30.28 27.22 2686
% C28 Sterols 25.56 25.91 25.01 26.13
% C29 Sterols 44.85 33.00 39.06 38.83
% Hopanols 0.00 0.00 0.00 0.00
corrected by: 111
Appendix D3. Percent total alcohol and sterol concentration in additional surface sediments (Sept. 2004)
Canyon area:
Components inner marsh marsh marsh mud H8 H9 H10
Alcohols: C140H IS IS IS IS IS IS
br 15 6.95 11.41 3 98 0.46 1.67 0.00
br 15 3 53 6.80 1.59 0.41 0.41 1.28
C1SOH 3,31 5.62 1.64 0.92 0.89 0.89
br 16 0.00 0.00 0.00 0.00 0.00 0.00
16:1 0.00 0.00 0.00 0.00 0.00 0.00
16:01 0.00 0.00 0.00 0.00 0.00 0.00
C160H 11.31 11.22 10.82 7.16 5.27 6 85
br 17 0.00 0.00 0.00 0.00 0.00 000
br 17 0.00 0.00 0.00 0.00 0.00 0.00
C170H 1.85 6.61 2.23 0 68 0.84 0.00
C180H 10.19 12.08 13,49 10.13 4.55 4.78
Phytoi 40.29 15.56 38.28 61.71 67.76 68.15
C190H IS IS IS IS IS IS
C20OH 5.35 9.39 8.10 4.98 3.59 3.49
C210H 0.00 0.00 1.47 0.00 0.00 0,00
C220H 11.47 6.26 12.39 8.07 8.92 8.65
C240H 3.71 5.69 3.73 4.44 4.91 5.00
C260H 2.05 935 2.27 1.04 1.18 0.91
Sterols: C280H 0.00 0.00 0.00 0.00 0.00 0 00
C30OH 0 00 0.00 0.00 0.00 0.00 0.00
androstanol IS IS IS IS IS IS
5a cholestane IS IS IS IS IS IS
unknown 1 0.00 0.00 0.00 0.00 0.00 0.00
24-norchlolesta-5,22-dien-3b-ol 0.00 0.00 0.00 0.85 0.88 1.20
24-nor-5a-cholesta-22-en-3b-ol 0.00 0.00 0.00 1.07 0.88 0.91
5b-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
5b-choIestan-3a-ol 0 00 0.00 0.00 0.00 0 00 0.00
cholesta-5,22-dien-3b-ol 0.82 0.00 3.22 5.89 6.18 7.07
5a(H)-cholest-22-en-3b-ol 0.48 0.00 2.15 1.61 1.34 1.97
cholest-5-en-3b-ol 4.89 2.82 14.85 11.12 23.97 14.93
5a-cholestan-3b-ol 3.20 2.19 8.50 3 66 3.97 5.61
24-methylcholesta-5,22-dien-3b-ol 2.69 1.39 5.83 7.82 8.34 7.87
24-methylcholest-22-en-3b-ol 1.69 1.24 3.76 2.15 2.19 2.87
cholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
24-methylcholesta-5,24(28)-ol 0.00 0.00 0.00 5.47 4.29 8.68
24-methylcholest-5-en-3b-ol 11.90 9.32 6.28 4.57 7.97 4.30
24-methyl-5a(H)-cholestan-3b-ol 3.92 3.83 3.14 0.00 1.40 2.59
23,24-dimethylcholesta-5,22-dien-3b-ol 0.00 0.00 0.00 1.34 1.62 0.00
24-ethylcholesta-5,22-dien-3b-ol 11.25 11.96 9.42 842 5.40 6.86
23,24-dimethyl-5a(H)-cholest-22-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
24-ethyl-5a(H)-cholest-22-en-3b-ol 4.58 6.25 3.43 2.05 1.45 2 48
4-methyl-C29-D22-stanol 0.00 0.00 0.00 0.00 0.00 0.00
24-methycholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
unknown 5 0.00 0.00 0.00 0.00 0.00 0.00
24-ethylcholest-5-en-3b'Ol 37.72 42.74 21.32 25.35 14.56 16.84
24-ethyl-5a(H)-cholest-3b-ol 15.96 18.25 10 98 4.87 6.57 7.29
24-ethylcholesta-5,24(28)-dien-3b-ol 0.00 0.00 0.00 3.83 0 63 0.00
4a,23,24-trimethylcholest-5,22-dien-3b-oI 0.00 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-22-en-3b-ol 0.90 0.00 1.87 7.13 5.44 5.93
24-ethylcholestan-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00
5a(H)-C29 stenol (possibly D7or D8) 0.00 0.00 0.00 0.00 0.00 0 00
4a,23,24-trimethyl-5a(H)-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.95 0.00
unknown 7 0.00 000 0.00 0.00 0 00 0.00
hopan-3b-ol 0 00 0.00 0.00 0.00 0.00 0.00
unknown 8 0.00 0.00 0.00 0.00 0.00 0 00
extended hopanol 0.00 0.00 5.25 2.80 1.95 2.60
Total Alcohols ng/g dry weight 5338 2730 2259 6209 7302 4944
Total Alcohols ng/mg OC 125 38 221 551 637 451
Total Sterols ng/g dry weight 43432 78462 5283 16998 26174 12932
Total Sterols ng/mg OC 1021 1096 516 1508 2282 1179
% C27 Sterols 9.39 5.01 28.71 22.28 35.46 29.58
% C28 Sterols 20.20 15.78 19.01 20.02 24.20 26.31
% C29 Sterols 69.50 79.21 45.15 45.86 30.23 33.47
% Hopanols 0.00 0.00 5.25 2.80 1.95 2.60
corrected by: none needed
A p p en d ix  D 4. Percent total alcohol and sterol concentration  in SW Pass dow n-core sedim ents
Components 1-2 cm 3-4 cm 6-7 cm 9-10 cm 12-14 cm
Alcohols: C140H IS IS IS IS IS
br 15 3.96 3.53 2.75 5.72 2.67
br 15 2.51 0.71 0.49 1.30 0.58
C150H 2.16 1.79 1.33 2.08 1.06
br 16 0.00 0.00 0.00 0.00 0.00
16:1 0.00 0.00 0.00 0.00 0.00
16:01 0.00 0.00 0.00 0.00 0.00
C160H 9.11 7.71 6.00 9.68 5.23
br 17 1.68 1.24 0.95 1.45 0.97
br 17 1.06 0.93 0.57 0.96 0.66
C170H 1.58 1.34 0.69 1.22 0.91
C180H 4.75 4.56 3.84 4.69 3.38
Phytol 64.28 66.78 73.07 62.15 71.15
C190H IS IS IS IS IS
C20OH 2.07 2.59 2.27 2.43 2.69
C210H 0.00 0.00 0.49 0.98 0.58
C220H 4.14 5.55 4.65 4.89 6.13
C240H 2.71 3.27 2.91 2.44 3.99
C260H 0.00 0.00 0.00 0.00 0.00
C280H 0.00 0.00 0.00 0.00 0.00
androstanol IS IS IS IS IS
Sterols: 5a cholestane IS IS IS IS IS
unknown 1 0.00 0.00 0.00 0.00 0.00
24-norchlolesta-5,22-dien-3b-ol 0.22 0.44 0.20 0.30 0.39
24-nor-5a-cholesta-22-en-3b-ol 0.26 0.56 0.38 0.41 0.51
5b-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.00
5b-cholestan-3a-ol 0.00 0.00 0.00 0.00 0.00
cholesta-5,22-dien-3b-ol 4.92 4.57 4.53 3.82 4.22
5 a(H)-cholest-22-en-3 b-ol 2.20 2.00 1.98 1.53 2.11
cholest-5-en-3b-oI 15.28 14.68 14.19 11.78 12.07
5a-cholestan-3b-ol 5.44 5.28 4.89 4.34 4.26
24-methylcholesta-5,22-dien-3b-ol 8.11 7.92 7.89 7.20 6.82
24-methylcholest-22-en-3b-ol 3.20 3.18 3.14 2.48 2.89
cholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00
24-methylcholesta-5,24(28)-ol 2.85 2.04 2.71 2.96 2.56
24-methylcholest-5-en-3b-ol 10.07 11.21 10.42 8.34 10.05
24-methylcholestan-3b-ol 2.78 2.82 2.74 2.76 2.52
23,24-dimethylcholesta-5,22-dien-3b-ol 0.00 0.00 0.00 0.00 0.00
24-ethylcholesta-5,22-dien-3b-ol 9.29 9.43 9.71 8.95 8.77
23,24-dimethyl-5a(H)-cholest-22-en-3b-ol 0.00 0.00 0.00 0.00 0.00
24-ethyl-5a(H)-cholest-22-en-3b-ol 1.60 1.64 1.93 1.84 2.10
4-methyl-C29-D22-stanol 0.00 0.00 0.00 0.00 0.00
24-methycholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00
unknown 5 0.00 0.00 0.00 0.00 0.00
24-ethylcholest-5-en-3b-ol 24.39 24.90 24.53 32.06 28.60
24-ethyl-5a(H)-cholest-3b-ol 7.95 8.27 8.93 9.92 9.50
24-ethylcholesta-5,24(28)-dien-3b-ol 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-5,22-dien-3b-ol 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-22-en-3b-ol 0.61 0.81 1.60 0.76 1.55
24-ethy lcholestan-7-en-3 b-ol 0.00 0.00 0.00 0.00 0.00
5a(H)-C29 stenol (possibly D7or D8) 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethyl-5a(H)-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.00
unknown 7 0.00 0.00 0.00 0.00 0.00
hopan-3b-ol 0.00 0.00 0.00 0.00 0.00
unknown 8 0.00 0.00 0.00 0.00 0.00
extended hopanol 0.83 0.28 0.23 0.56 1.08
Total Alcohols ng/g dry weight 2516 3079 5999 1888 9472
Total Alcohols ng/mg OC 130 159 369 99 518
Total Sterols ng/g dry weight 20003 17057 21306 22283 28324
Total Sterols ng/mg OC 1034 880 1311 1164 1549
% C27 Sterols 27.84 26.52 25.59 21.47 22.66
% C28 Sterols 27.01 27.16 26.90 23.74 24.84
% C29 Sterols 43.23 44.24 45.10 52.77 48.97
% Hopanols 0.83 0.28 0.23 0.56 1.08
Appendix D4.~cont.
1 4 -1 6  c m
IS
4.86
1.03
1.70 
0.00 
0.00 
0.00
8.03
I.46 
0.89
1.22
3.96
63.13
IS
3.28
0.57
6.23
3.62
0.00
0.00
IS
IS
0.00
0.30
0.45
0.00
0.00
3.90
1.82
II.74
4.75
6.54
2.77 
0.00
1.51
9.79 
2.73 
0.00
9.00 
0.00
1.79 
0.00 
0.00 
0.00
31.60
9.87 
0.00 
0.00 
0.64 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.81
3220
188
16244
949
22.21
23.33
52.25
0.81
2 2 - 2 4  c m
IS
4.41 
0.95
1.58 
0.00 
0.00 
0.00
7.83
1.58 
1.05 
0.65 
4.29 
66.39
IS
2.45
1.04
5.37
2.41 
0.00 
0.00
IS
IS
0.00
0.33
0.53
0.00
0.00
4.34
I.95
12.79
5.00
6.99
3.07 
0.00
1.88
II.16
2.77 
0.00
9.03 
0.00 
1.72 
0.00 
0.00 
0.00 
27.91
9.04 
0.00 
0.00 
0.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.68
3424
297
13585
1178
24.08
25.88
47.70
0.68
3 0 - 3 2  c m
IS
3.78 
0.76
1.53 
0.00 
0.00 
0.00 
7.26
1.19 
0.83 
0.74
3.49 
68.61
IS
2.86
0.41
6.07
2.47
0.00
0.00
IS
IS
0.00
0.26
0.45
0.00
0.00
3.24
1.61
8.92
3.80
5.13
2.60
0.00
1.78
8.21
2.40 
0.00
7.53 
0.00
1.84 
0.00 
0.00 
0.00
41.19
9.40 
0.00 
0.00
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.66
3410
253
16523
1228
17.56
20.11
59.95
0.66
3 8 - 4 2  c m
IS
0.00
0.00
13.84 
0.00 
0.00 
0.00 
22.63 
0.00 
0.00 
0.00 
0.00
63.53
IS
0.00
0.00
0.00
0.00
0.00
0.00
IS
IS
0.00
0.61
0.57
0.00
0.00
2.43
2.28
9.25
8.23
4.84
4.83 
0.00 
2.01
9.31
5.19 
0.00
8.16 
0.00
2.78 
0.00 
0.00 
0.00
25.10
12.14 
0.00 
0.00
1.11 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00
1.15
70
5
1680
130
22.19 
26.18
48.19
1.15
4 2 - 4 6  c m
IS
4.34
2.19
1.76
0.00
0.00
0.00
8.64
1.59 
0.88
1.21
4.07
63.45
IS
2.66
0.63
5.59
2.99 
0.00 
0.00
IS
IS
0.00
0.54
0.53
0.00
0.00
2.49
2.47
9.00
8.55
5.31
5.16
0.00
2.51 
10.10
5.24 
0.00
8.25 
0.00
3.51 
0.00 
0.00 
0.00
20.79
12.10 
0.00 
0.00 
0.48 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00
2.97
4424
321
19093
1387
22.51 
28.32 
44.65
2.97
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Appendix D7. Percent total alcohol and sterol concentration in Kasten SO m Proximal down-core sediments
Components 20-22 90-92 100-102 110-112 140-142 190-192 200-202 210-212 270-272 280-282
Alcohols: C140H IS IS IS IS IS IS IS IS IS IS
br 15 2.80 3.79 2 19 0.30 2.22 680 I 40 2.51 2.31 2.30
br 15 1.13 1.93 0.94 0.27 0.62 4.32 0.49 1.17 1.06 1.41
C150H 0,93 1.09 0.79 0.44 0.63 2.11 0.70 0.80 4.63 0.78
br 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16:01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C160H 5.78 6.29 5.75 5.85 3.84 9.45 4.03 4.72 4.64 4.73
br 17 0.78 0.76 0.35 0.42 0.38 0.00 0.73 0.60 0.39 0.00
br 17 0.59 0.57 0.31 0.38 0.37 0.00 0.00 0.47 0.47 0.00
C170H 0.89 0.85 0.62 0.56 0.41 1.50 0.57 0.78 0.65 0.49
C180H 3.76 12.39 10.89 4.72 12.25 15.92 63 85 38.35 37.31 27.70
Phytol 58 83 59.24 56.21 62.81 63.86 27.37 18.81 31.31 34.65 34.53
C190H IS IS IS IS IS IS IS IS IS IS
C20OH 2.62 2.75 2.89 2.86 2.41 9.67 2.09 3.94 3.05 2.92
C210H 0.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C220H 6,53 0.00 5.85 6.79 0.00 0.00 0.00 0.00 0.00 5.09
C240H 3.74 2.50 3.53 0.01 2.86 2.45 1.99 4.48 2.61 4.82
C260H 4.42 2.41 4.23 6.24 3.20 0.00 2.02 4.42 2.30 6.44
Sterols: C280H 6.42 5.45 5.47 835 6.95 20.40 3,32 6.46 5.93 8.79
androstanol IS IS IS IS IS IS IS IS IS IS
5 a cholcstane IS IS IS IS IS IS IS IS IS IS
unknown 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24-norchlolesta-5,22-dien-3b-ol 1.77 1.82 1.76 1.41 1.58 1.81 1.51 1.35 1.77 1.02
24-nor-5a-cholcsta-22-en-3b-ol 0.67 0.73 0.59 0.66 0.80 0.69 0.67 0.59 0 00 0.00
5b-cholcstan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5b-cholcstan-3a-oi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cholesta-5,22-dien-3b-oi 4.99 3.85 4.57 4.49 5.05 5.93 5.18 3.47 6.17 3.19
5a(H)-cholest-22-en-3b-ol 0.00 0.00 4.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cholest-5-en-3b-ol 10.49 9.92 10.55 9.65 12.37 14.54 14.74 8.90 13.48 8.87
5a-cholestan-3b-ol 7.97 7.50 5.68 6.77 9.22 6.73 6.82 5.53 6.90 4.84
24-methylcholcsta-5.22-dien-3b-ol 4.88 4.28 4.97 4.33 4.42 5.87 4.76 4.23 6.21 4 10
24-methylcholest-22-en-3 b-ol 3.29 3.17 2.41 2.92 2.97 2.99 2.94 3.12 3.31 2.39
cholest-7-cn-3b-ol 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24-mcthvlcholcsta-5.24(2 8 )-ol 5.57 5.05 6.37 5.35 4.85 7.81 4 31 4.46 5.27 5.75
24-methylcholest-5 -en-3 b-ol 6.70 6.53 6.87 798 6.32 5.97 7.37 6.39 8.13 7.39
24-methyl-5a(H)-cholestan-3b-ol 4.22 4.18 3.31 4.09 4.01 3.85 4.27 3.87 3.69 3.90
23,24-dimethylcholcsta-5,22-dien-3b-ol 7.34 2.03 1.62 2.33 5.94 2.04 1.97 6.19 0.00 0.00
24-ethylcholesta-5,22-dien-3b-ol 0.00 6.50 6.30 6.58 3.18 6.40 6.69 3.36 6.27 1.69
23,24-dimethyl-5a(H)-cholest-22-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24-ethyl-5a(H)-oholest-22-en-3b-ol 0.00 3.52 2.74 3.25 2.37 0.00 3.26 3.97 3.21 6.83
4-methyl-C29-D22-stanol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24-methycholest-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
unknown 5 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24-ethylcholest-5-en-3b-ol 16.41 20.30 17.34 16.60 15.40 18.41 18.58 19.12 19.36 23.00
24-ethyl-5a(H)-choIest-3b-ol 17.38 15.71 13.71 17.17 15.18 13.51 13.78 18.14 12.72 20.58
24-cthylcholesta-5,24(28)-dien-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-5,22-dien-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethylcholest-22-en-3b-ol 8.31 4.90 6.56 6.42 6.33 3.45 3.17 7.29 3.51 6.46
24-ethyloholestan-7-en-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5a(H)-C29 stcnol (possibly D7or D8) 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
4a,23,24-trimethyl-5a(H)-cholestan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
unknown 7 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
hopan-3b-ol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
unknown 8 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
extended hopanol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Alcohols ng/g dry weight 3616 2005 2521 2126 2079 311 1922 2468 1477 1534
Total Alcohols ng/mg OC 281 141 224 188 193 28 272 197 142 155
Total Sterols ng/g dry weight 4961 4798 3413 3277 3142 3467 1431 3133 2527 2025
Total Sterols ng/mg OC 385 337 303 290 292 315 202 250 243 204
% C27 Sterols 23.46 21.27 25.44 20.91 26.64 27.20 26.73 17.91 26.55 16.90
% C28 Sterols 24.66 23.22 23.93 24.67 22.58 26.49 23.65 22.08 26.60 23.52
% C29 Sterols 41.13 48.07 41.71 45.93 42.08 40.36 44.27 50.77 41.56 52.10
% Hopanols 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Appendix E: Table of linear regressions of com pounds exam ined with depth 
for down-core analysis. R-squared values and slope of regression line are 
displayed with astericks representing siginificant p-value (* p < 0.05, ** p < 0.01).
Compounds SW Pass_______50-m P 50-m P Kasten______540 m
% TOC
r2 = 0.66 ** 
-0.02
r2 = 0.18 * 
-0.002
r2 = 0.5 ** 
-0.001
r2 = 0.24 * 
-0.01
C/N Ratio
r2 = 0.27 ** 
-0.04
r2 = 0.37 ** 
-0.04
r2 = 0.5 
-0.001
r2 = 0.03 
-0.01
Total FA
r2 = 0.29 
-27.88
r2 = 0.36 
-38.85
r2 = 0.23 
-1.68
r2 = 0.17 
-27.32
Total Sterols
r2 = 0.001 
-0.39
r2 = 0.44 * 
-27.07
r2 = 0.75 * 
-0.61
r2 = 0.26 * 
-13.01
SCFA
r2 = 0.22 
-5.21
r2 = 0.21 
-6.38
r2 = 0.19 
-0.42
r2 = 0.06 
-4.88
LCFA
r2 = 0.001 
-0.22
r2 = 0.0001 
0.1
r2 = -0.41 
-0.5
r2 = 0.002 
-0.24
Algal Sterols
r2 = 0.25 
-2.15
r2 = 0.3 
-10.4
r2 = 0.55 * 
-0.017
r2 = 0.48 ** 
-5.21
Plant Sterols
r2 = 0.24 
3.82
r2 = 0.50 * 
-10.48
r2 = 0.22 
-0.07
r2 = 0.51 ** 
-2.73
PUFAs
r2 = 0.75 ** 
-2.97
r2 = 0.59 * 
-0.04
r2 = 0.15 
0.14
r2 = 0.26 * 
-1.2
Br FA
r2 = 0.43 * 
-3.12
r2 = 0.37 
-3.3
r2 = 0.48 * 
-0.27
r2 = 0.54 ** 
-4.51
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